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© At least two substantially purified tumor necrosis factor (TNF) inhibitors are disclosed which are 
glycoproteins that are active against TNF. The isolation of 30kDa and 40KDa TNF inhibitors from urine is 
disclosed. The deglycosylated form of the 30kDa TNF inhibitor and 40kDa TNF inhibitor are described as being 
active against TNF. The 40kDa TNF inhibitor is active against both TNF alpha and TNF beta. The amino acid 
sequence of the 30kDa TNF inhibitor and the 40kDa TNF inhibitor are disclosed. Methods for isolating the TNF 
inhibitors from human U937 cell medium and producing the proteins by recombinant-DNA methods are also 
described. 
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TUMOR NECROSIS FACTOR (TNF) INHIBITOR AND METHOD FOR OBTAINING THE SAME 



Cross-Reference to Related Application 

This is a continuation-in-part of co-pending application Serial No. 07/479,661 filed February 7, 1990, 
which is in turn a continuation-in-part of applications Serial Nos. 07/381,080 filed July 18, 1989, and 
07/450,329 filed December 11, 1989 for "Tumor Necrosis Factor (TNF) Inhibitor and Method for Obtaining 
the Same." 



BACKGROUND OF THE INVENTION 

Tumor necrosis factors are a class of proteins produced by numerous cell-types, including monocytes 
and macrophages. At least two TNFs have been previously described, specifically TNF alpha and TNF beta 
(lymphotoxin). 

These known TNFs have important physiological effects on a number of different target ceils involved in 
the inflammatory response. The proteins cause both fibroblasts and synovial cells to secrete latent 
collagenase and prostaglandin E2, and cause osteoblastic cells to carry out bone resorption. These proteins 
increase the surface adhesive properties of endothelial cells for neutrophils. They also cause endothelial 
cells to secrete coagulant activity and reduce their ability to lyse clots. In addition they redirect the activity 
of adipocytes away from the storage of lipids by inhibiting expression of the enzyme lipoprotein lipase. 
TNFs cause hepatocytes to synthesize a class of proteins know as "acute phase reactants" and they act on 
the hypothalamus as pyrogens. Through these activities, it has been seen that TNFs play an important part 
in an organism's response to stress, to infection, and to injury. See. ej. , articles by P.J. Selby et al . in 
Lancet, Feb. 27. 1988, pg. 483; H.F. Starnes, Jr. et al . in J. Clin. Invest . 82: 1321 (1988); A. Oliff et al . in 
Cell 50:555 (1987); and A. Waage et al . in Lancet, Feb. 14, 1987, pg. 355. 

However, despite their normally beneficial effects, circumstances have come to light in which the 
actions of TNFs are harmful. For example, TNF alpha injected into animals gives rise to the symptoms of 
septic shock; endogenous TNF levels have been observed to increase following injection of bacteria or 
bacterial cell walls. TNFs also cause bowel necrosis and acute lung injury, and they stimulate the 
catabolism of muscle protein. In addition, the ability of TNFs to increase the level of collagenase in an 
arthritic joint and to direct the chemotaxis and migration of leukocytes and lymphocytes may also be 
responsible for the degradation of cartilage and the proliferation of the synovial tissue in this disease. 
Therefore, TNFs may serve as mediators of both the acute and chronic stages of immunopathology in 
rheumatoid arthritis. TNFs may also be responsible for some disorders of blood clotting through altering 
endothelial cell function. Moreover, excessive TNF production has been demonstrated in patients with AIDS 
and may be responsible for some of the fever, acute phase response and cachexia seen with this disease 
and with leukemias. 

In these and other circumstances in which TNF has a harmful effect, there is clearly a clinical use for an 
inhibitor of TNF action. Systemically administered, TNF inhibitors would be useful therapeutics against 
septic shock and cachexia. Locally applied, such TNF inhibitors would serve to prevent tissue destruction m 
an inflamed joint and other sites of inflammation. Indeed, such TNF inhibitors could be even more effective 
when administered in conjunction with interleukin-l (IL-1) inhibitors. 

One possibility for therapeutic intervention against the action of TNF is at the level of the target cell's 
response to the protein. TNF appears to act on cells through a classical receptor-mediated pathway. Thus, 
any molecule which interferes with the ability of TNF to bind to its receptors either by blocking the receptor 
or by blocking the TNF would regulate TNF action. For these reasons, proteins and small molecules 
capable of inhibiting TNF in this manner have been sought by the present inventors. 



SUMMARY OF THE INVENTION 

As noted above, this invention relates to TNF inhibitors generally, and. more specifically, to a urine- 
derived TNF inhibitor. Additionally, the present invention relates to biologically-active analogs of this 

inhibitor. . 

An object of the present invention is to provide purified forms of TNF inhibitor which are active against 
TNF alpha. An additional object of the present invention is to provide these inhibitors in purified forms to 
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enable the determination of their amino acid sequence. A further object is to provide the amino acid 
sequences of certain TNF inhibitors. In addition it is an object of this invention to provide a cellular source 
of the mRNA coding for TNF inhibitors and a cDNA library containing a cDNA for the inhibitors. 
Furthermore, it is an object of this invention to provide a genomic clone of DNA coding for the TNF 

5 inhibitors, and the coding sequences of that DNA. 

The identification of biologically-active analogs of such TNF inhibitors with enhanced or equivalent 
properties is also one of the objects of the invention. 

Additionally, it is an object of this invention to provide a recombinant-DNA system for the production of 
the TNF inhibitor described herein. A further object of the present invention includes providing purified 

to forms of TNF inhibitor which would be valuable as pharmaceutical preparations exhibiting activity against 
TNF. Another object of the present invention includes providing purified combinations of TNF inhibitors and 
IL-1 inhibitors which are valuable as pharmaceutical preparations exhibiting activity against both IL-1 and 
TNF. 

The inventors of the present invention have isolated at least two TNF inhibitor proteins with TNF- 
is inhibiting properties. A 30kDa protein and a 40kDa protein have been obtained in their purified forms. The 
amino acid sequence of the 30kDa TNF inhibitor protein has been obtained. The amino acid sequence data 
of the 40kDa TNF inhibitor protein has also been obtained. Both the 30kDa TNF inhibitor and the 40kDa 
TNF inhibitor are novel, previously undescribed proteins. 

A human genomic DNA clone which contains the gene for the 30kDa protein has been obtained. A cell 
20 source of this protein has been identified and a cDNA clone has been obtained and the nucleic acid 
sequence of the gene for the protein determined. In addition, the gene clone has been placed in a vector 
which has been found to express the protein in host cells. Also a process has been developed for purifying 
the protein in an active form. 

A cell source has been identified which produces the 40kDa protein and a cDNA clone has been 
25 obtained and the nucleic acid sequence determined of the gene for the 40kDa protein. The full cDNA clones 
encoding for both the 30kDa TNF inhibitor precursor and the 40kDa TNF inhibitor precursor have been 
expressed in mammalian cells to yield an increase in TNF binding sites on the cell surface. 

A gene coding for the mature form of the 30kDa protein has been expressed in E. Coli . Three seperate 
genes coding for all or portions of the mature 40kDa protein have also been expressed in E Coli . The 
30 three 40kDa Inhibitor proteins expressed- mature 40kDa TNF inhibitor. 40kDa TNF inhibitor A51 and 40kDa 
TNF inhibitor A53--each exhibit TNF inhibiting activity. Mature 4)kDa TNF inhibitor, as isolated from 
medium conditioned by human U937 cells, and 40kDa TNF inhibitor 51 and 40kDa TNF inhibitor 53, are 
collectively referred to ae 40k Da TNF inhibitor. 

The 30kDa TNF inhibitor has shown activity in inhibiting TNF alpha. The 40kDa TNF inhibitor has shown 
35 inhibitory action against both TNF alpha and TNF beta. 

It will now be possible to perform the large scale production of these TNF inhibitors through 
recombinant DNA technology. These inhibitors should be suitable for use in pharmaceutical formulations 
useful in treating pathophysiological conditions mediated by TNF. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 describes a cytotoxicity assay for TNF in the absence (-.-.) and in the presence (-x-x-) of TNF 
inhibitor (30kDa). Various concentrations of TNF were incubated with and without TNF inhibitor (30kDa), 
45 and the cytotoxicity assay was performed as described in Example 1. 

Figure 2 describes a native gel shift assay in which "a" depicts TNF alone, and "b" depicts TNF + TNF 
inhibitor (30kDa). 

Figure 3 describes Con A-Peroxidase staining of TNF inhibitor (30kDa). About 200 ng of each protein 
were run on 14% SDS-PAGE, and transferred to nitrocellulose filter. Glycoproteins were identified using 
so Con A-peroxidase staining. In this figure, fl a rt depicts a molecular weight marker, "b" depicts Ovalbumin, 
V depicts bovine serum albumin, and "d" depicts TNF inhibitor (30kDa). 

Figure 4 describes chemical deglycosylation of TNF inhibitor (30kDa). About 200 ng of TNF inhibitor 
(30kDa) were chemically deglycosylated (lane C) as described in Example 1. 

Figure 5 describes N-glycanase treatment of TNF inhibitor (30kDa). Purified TNF inhibitor (30kDa) was 
55 iodinated by Bolton-Hunter reagent, and denatured-iodinated TNF inhibitor <30kDa) was treated with N- 
glycanase for 6 hours at 37C. In this figure, "a" depicts native TNF inhibitor <20kDa), and "b" depicts 
deglycosylated TNF inhibitor (30kDa). 

Figure 6A describes an OD 28 o profile of the DEAE Sepharose CL-6B chromatography of 20 1 urine. 
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Figure 6B describes an autoradiograph of the corresponding native gel shift assay indicating a peak of 
TNF inhibitor (30kDa) at fraction 57-63, which is about 80mM NaCI. 

Figure 7 describes an OD 2 „ profile of the 0.05 M Na Phosphate P H 2.5 rtuton from the TNF affinity 

"sa and 8C describe chromatographic profiles (OD,,. and ODa.o) of ^ ^T^X 
TNF inhibitor (30kDa) with the L929 bioassay of fractions from the RP8 columr « PfjJJ^ 
inhibitor (30kDa) at fractions 28-31 which is about 18% aceton,tr.le and at fractions 35 and 36 which .s 

about 21% acetonitrile. . ,_ , ■ i_ k-„^ -jntna 

Figure 8B describes a silver stained 15% SDS-PAGE of the RP8 pool Rowing a sing e band at 30kDa. 
Fiaure 9A describes a peptide purification of Lys-C digestion of TNF inhibitor (30kDa). 
Z e 9B describes a 'peptide purification of aikylated O Lys-C digests of TNF Inhlb MJDg. 
Figure 10 describes a peptide purification of two alkylated O Asp-N digests of TNF ^ ' nh ' bltor < 30kl ^>; 
Rguros 11A and 11B describe peptide purifications of an endopeptidase V8 digest of reduced 

^SS^^^ Present in TNF inhibitor «30kDa>. Blanks ^he seance 
indicate the residue has not been unambiguously identified by protein sequencing. C indicates the 
identification of carboxymethylcysteine by the presence of 'H in the res dua 

Figure 13 describes the DNA sequence of a genomic clone encoding at least a portion of a TNF inhibitor 

RgureH describes at least 70% of the mature amino acid sequence of a Purred TNF inhibitor. 
Figure 15 describes detection of TNF inhibitor in U937 supernatant by the gel shift assay. 
Figure 16 described detection of TNF inhibitor In hplc fractions from U937 supernatant. 
Figure 17 described the Northern blot according to Example 4. fii„ row lated and 

FiLe 18 described the deglycosylated TNF inhibitor <30kDa) binding to TNF. Glycosylated and 
de Zo ylated TNFlnhibitor were incubated with TNF affigel, and flow through ™*™s™«?^ s « 
£ Jel wS anaiysed on SDS-PAGE. In this figure. (11) indicated flow ^ ^ ^ 
oxidLd (21) indicated flow through of deglycosylated TNF-INH, reduced and oxidized. (51 ndcates 
ow hrough of native TNF-INH. (12) indicates eluate of TNF-INH, reduced a«d ox,d,2ed (22) indicates 
Tate of deglycoslylated TNF-INH, reduced and oxidized, and (52) indues eluate of natrve TNF-INH. 
Figure 19 describes the complete amino acid sequence of the 30kDa TNF inhibitor 
Figure 20 describes the cDNA sequence encoding the amino ^id sequence shown n Rgu re 19. 

PTNF1X-1. 

35 Figure 23 describes the plasmid pCMVXV beta TNFBP stop A. 

E Coli. The L929 bioassay results are also shown (-x-x). _ 

U937 cells. The L929 biassey results are also shown with a bar graph. Two distinctive TNF inhibitor 

28 described a silver stained 14% SDS-PAGE of the P.P8 fractjons. Fraction number 30 contains 
the 30kDa TNF inhibitor and fraction number 35 contains the 40kOa TNF inhibitor. 
Figure 29 described a chromatographic profile 0D„ 5 of the purification of urinary 4Mta TNF jnhibitor 
The second TNF inhibitory peak from several P.P8 chromatographies were combined and reanalyzed on 
L RP8 co umn TNF-inhibifory activity is shown with a bar graph. The ™°[™° ^.^or 
Lak and the activity peak reflects the dead volume between the detector and the <>^™J^ 
figure 30 describes a silver stained 14% SDS-PAGE of the RP8 fractions of unne. Fraction number 32 

50 CTd^S^i--*- sequences o, U937 derived inhibitors ,30kDa and 40k D a). and 

$Z&S£2: a^Sncation of endopep«dase V8 digested 40kDa TNF inhibitor. 
Rgure 33 describes a peptide purification endopeptidase Arg-C digested 40kDa TNF ,nh,b,tor. 
55 Figure 34 describes a peptide purification of trypsin digested Arg-C16 Wj*- 

Figure 35 describes a peptide purification of chymotrypsin digested Arg-C10 peptide. 

Figure 36 describes a primary structure of the 40kDa TNF inhibitor. nrorf , rlBri amin „ 

Figure 37 describes a portion of the 40kDa TNF inhibitor cDNA sequence along with the predicted ammo 



20 



25 



30 



40 



45 



5 



EP 0 422 339 A1 



inhibitor in the presense (*■•) of 30kDa TNF Inhibitor and without any inhibitor <x-x) 

FiguT 4 describes the expression of the 30kDa TNF inhibitor cDNA sequence sh own in Rqw 21 m 

ri2sn Tisjpa in the oresense of 180 fold excess of cold unlabeled TNFa. 

Figl 43 des^les the cytotoxicity assay of an HPLC RPC-8 fraction of the human monocytes which 
were treated with PMA and PHA for 24 hours. i„ hih i lrir asi SDS- 

Figure 44 describes the RPC-8 chromatographic pattern of ^OkDa TNF ,nhb, or A51. SDS 
polyacrylamide gel analysis of the fractions (B), and the cytotoxic,! y assay on I L 929 ceUs (C). 
Figure 45 describes the RPC-8 chromatographic pattern of 40kDa TNF ^ mhibito ^ A53 (A). SDb 
polyacrylamide gel analysis of the fractions (B). and the cytotoxic,* assay on 1529 cells (C). 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Reference will now be made in detail to the presently preferred embodiments of the invention, which, 
together with the following examples, serve to explain the principals of the invention. 



1 . Inhibitor isolated from urine 



As noted above, the present invention relates to TNF inhibitors which have beer, isolated in a purified 

wmmmmm 
wMmmmm 

™ e nf qn°/ Q5% or 99% A particularly preferred group of TNF inhibitors are in excess ot o 

™ Jd here by rlf^ence Tso included as substantially homologous are those TNF inhibitors which may 

Isolated Through hybridization with the gene or with segments of the descnbed ,nh.b,tor 

The p Sed TNF inhibitors of the present invention have been derived from unne and, for the rst 
time have been isolated in a purified form. For the purposes of the present application, "pure form or 

purt to enable one of ordinary skill in the art to determine its amino acid sequence without first performing 

further purification steps. 



6 



EP 0 422 339 A1 



At least two TNF inhibits have been isolated by the me hods set forth in the 
inhibitors are approximately 30kDa and approximately 40kDa molecules on ^ PAQE _I h ^ 0k ^ nhlb ^ 
eluates from a DEAE CL6B column at about 80 millimolar NaCI in Tns buffer. pH 7.5. The armno^ acid 
seouence of the SCkDa inhibitor is set forth in Rgure 19. and the amino acid sequence o he 40kDa 
nhibtoMs serforth n Rgure 38. The 30kDa TNF inhibitor has been shown to inhibit the actrvrty of TNF 
aS and Z £ let on the activity of TNF beta. The 40kDa TNF inhibitor has been shown to exhibit a 
significant inhibiting effect against both TNF alpha and TNF beta (lymphotoxm). 



2. Inhibitor isolated from U937 condition medium 

alternate embodiment of the present invention TNF inhib iters i are ' sol ^ d ^J,^^ 
conditioned by human U937 cells. Two TNF inhibitor proteins have been identified and isolated from this 
cond oned medium The two TNF inhibitors are 30kDa and 40kDa proteins that are substanfally homolo- 
goufrthe 30kDa and 40kDa TNF inhibitors isolated from urine, and are biologically equ,valent to such 
proteins. 



3. Structure of 30kDa TNF inhibitor 



The 30kDa TNF inhibitor isolated from urine is a glycoprotein, containing at least one ^rbohydrate 
moiety In one embodiment of this invention, the natural 30kDa TNF inhibitor is deglycosyfcted The 
de SLyiated TNF inhibitor, which retains its ability to bind to TNF, Is within the scope of «-P~« 
invention Fully and partially deglycosylated 30kDa TNF inhibitor is encompassed by th,s invention. The 
dealvcosvlated 30kDa TNF inhibitor isolated from urine is about an 18kDa protein. ( . n . „ 

9 T e gene sequence identified that encodes the 30kDa protein does not contain a «J» 

sequences identified and described herein. 



25 



30 



35 



4. Structure of 40kDa TNF inhibitor . 



The 40kDa TNF inhibitor isolated from medium conditioned by human U937 cells and identified in urine 
is .^SST^nfl at leas, one carbohydrate moiety. In one -b— o ' J^.^ 
natural 40kDa TNF inhibitor is deglycosylated. The deglycosylated 40kDa TNF inhibitor, which retains .ts 
S to bind to both TNF alpha and TNF beta (lymphotoxin) is within the scope of the present — , 
Fully and part any deglycosylated 40kDa TNF inhibitor is encompassed by th.s invention. Tl»m«r«« 
thaoriM that the 40kDa TNF inhibitor may also be a soluble receptor. The gene sequence identified that 
encodes he £ Da places not contain a termination codon as would be anticipated for the , a»r*x> acid 
sequence of the deglycosylated 40kDa TNF inhibitor. As described in Example 20. the cDNA has been 
expressed to COS cells and leads to an increase in the number of TNF binding s,tes on the ce . 

P The prlsen, invention encompasses the gene encoding the mature 4*0. protein isolated from meduim 
conditioned by human U937 cells and identified in urine, and larger and smaller portions of such gene to 
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the extent that the TNF inhibiting activity of the encoded protein is not effected. As can be seen by 
reference to Figure 38, the mature 40kDa TNF inhibitor has a proline rich area near the anticipated c- 
terminus of the protein. 40kDa TNF inhibitors in which all or portions of the proline rich regime are not 
included in the protein are active as TNF inhibitors, and are within the scope of the present invention. Two 
such shortened proteins are described in Examples 17 and 22 below, and are referred to as 40kDa TNF 
inhibitor A 51 and 40kDa TNF inhibitor A53. All portions of this application which refer generally to 40kDa 
TNF inhibitor shall encompass the mature 40kDa protein isolated from medium conditioned by human U937 
cells and identified in urine, as well as 40kDa TNF inhibitor A51 and 40kDa TNF inhibitor A 53. 

It is generally believed that at least one TNF receptor is capable of binding both TNF alpha and TNF 
beta, while some TNF receptors are capable of only binding TNF alpha. This is consistent with the findings 
in the present invention wherein two TNF inhibitors have been identified which are both proposed to be 
active fragments of TNF receptor sites, and one is active against only TNF alpha and the other is active 
against both TNF alpha and TNF beta. 



5. Recombinant inhibitor . 



(a) General 

A recombinant DNA method for the manufacture of a TNF inhibitor is now disclosed. In one 
embodiment of the invention, the active site functions in a manner biologically equivalent to that of the TNF 
inhibitor isolated from urine. A natural or synthetic DNA sequence may be used to direct production of such 
TNF inhibitors. This method comprises: 

(a) preparation of a DNA sequence capable of directing a host cell to produce a protein having TNF 
inhibitor activities or a precursor thereof; 

(b) cloning the DNA sequence into a vector capable of being transferred into and replicated in a host 
cell, such vector containing operational elements needed to express the DNA sequence or a precursor 
thereof; 

(c) transferring the vector containing the synthetic DNA sequence and operational elements into a host 
cell capable of expressing the DNA encoding TNF inhibitor or a precursor thereof; 

(d) culturing the host cells under the conditions for amplification of the vector and expression of the 
inhibitor or a precursor thereof; 

(e) harvesting the inhibitor or a precursor thereof; and 

(f) permitting the inhibitor to assume an active tertiary structure whereby it possesses or can be 
processed into a protein having TNF inhibitory activity. 

In one embodiment of the present invention, the TNF inhibitor is produced by the host cell in the form 
of a precursor protein. This precursor protein is processed to a protein in one or more steps and allowed to 
fold correctly to an active TNF inhibitor using methods generally known to those of ordinary skill in the art. 



(b) DNA secuences 

DNA sequences contemplated for use in this method are discussed in part in Examples 6, 14A, and 17. 
It is contemplated that these sequences include synthetic and natural DNA sequences and combinations 
thereof. The natural sequences further include cDNA or genomic DNA segments. 

The means for synthetic creation of polynucleotide sequences encoding a protein identical to that 
encoded by the cDNA or genomic polynucleotide sequences are generally known to one of ordinary skill in 
the art, particularly in light of the teachings contained herein. As an example of the current state of the art 
relating to polynucleotide synthesis, one is directed to Matteucci, M.D., and Caruthers, M.H.. in J. Am. 
Chem. Soc. 103 :3185 (1981) and Beaucage, S.L. and Caruthers, M.H. in Tetrahedron Lett. 22 :1859 (1981). 
and to the instructions supplied with an ABI oligonucleotide synthesizer, each of which is specifically 
incorporated herein by reference. 

These synthetic sequences may be identical to the natural sequences described in more detail below or 
they may contain different nucleotides. In one embodiment, if the synthetic sequences contain nucleotides 
different from those found in the natural DNA sequences of this invention, it is contemplated that these 
different sequences will still encode a polypeptide which has the same primary structure as TNF inhibitor 
isolated from urine. In an alternate embodiment, the synthetic sequence containing different nucleotides will 
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encode a polypeptide which has the same biological activity as the TNF inhibitor described herein. 

Additionally, the DNA sequence may be a fragment of a natural sequence, i.e., a fragment of a 
polynucleotide which occurred in nature and which has been isolated and purified for the first time by the 
present inventors. In one embodiment, the DNA sequence is a restriction fragment isolated from a cDNA 
5 library. 

In an alternative embodiment, the DNA sequence is Isolated from a human genomic library. An example 
of such a library useful in this embodiment is set forth by Wyman, et al ., (1985) Proc. Nat. Acad. Sci. USA, 
82, 2880-2884. 

In a preferred version of this embodiment, it is contemplated that the natural DNA sequence will be 
io obtained by a method comprising: 

(a) Preparation of a human cDNA library from ceils, preferably U937 cells capable of generating a TNF 
inhibitor, in a vector and a cell capable of amplifying and expressing all or part of that cDNA; 

(b) Probing the human DNA library with at least one probe capable of binding to the TNF inhibitor gene 
or its protein product; 

75 (c) Identifying at least one clone containing the gene coding for the inhibitor by virtue of the ability of the 
clone to bind at least one probe for the gene or its protein product; 

(d) Isolation of the gene or portion of the gene coding for the inhibitor from the clone or clones chosen; 
and 

(e) Linking the gene, or suitable fragments thereof, to operational elements necessary to maintain and 
20 express the gene in a host cell. 

The natural DNA sequences useful in the foregoing process may also be identified and isolated through 
a method comprising: 

(a) Preparation of a human genomic library, preferably propagated in a recBc.sbc host, preferably CES 
200; 

25 <b) Probing the human genomic library with at least one probe capable of binding a TNF inhibitor gene 
or its protein product; 

(c) Identification of at least one clone containing the gene coding for the inhibitor by virtue of the ability 
of the clone to bind at least one probe for the gene or its protein product; 

(d) Isolation of the gene coding for the inhibitor from the clone or clones identified; and 

30 (e) Linking the gene, or suitable fragments thereof, to operational elements to maintain and express the 
gene in a host cell. 

A third potential method for identifying and isolating natural DNA sequences useful in the foregoing 
process includes the following steps: 

(a) Preparation of mRNA from cells that produce the TNF inhibitor; 
35 (b) Synthesizing cDNA (single- or double-stranded) from this mRNA; 

(c) Amplifying the TNF inhibitor-specific DNA sequences present in this mixture of cDNA sequences 
using the polymerase chain reaction (PGR) procedure with primers such as those shown in Table 5; 

(d) Identifying the PCR products that contain sequences present in the other oligonucleotide probes 
shown in Table 5 using Southern blotting analysis; 

40 (e) Subcloning the DNA fragments so identified into Ml 3 vectors that allow direct sequencing of the DNA 
sequences; 

(f) Using these sequences to isolate a cDNA clone from a cDNA library; and 

(g) Linking the gene, or suitable fragments thereof, to operational elements necessary to maintain and 
express the gene in host cells. 

45 In isolating a DNA sequence suitable for use in the above-method, it is preferred to identify the two 
restriction sites located within and closest to the end portions of the appropriate gene or sections of the 
gene that encode the native protein or fragments thereof. The DNA segment containing the appropriate 
gene or sections of the gene is then removed from the remainder of the genomic material using appropriate 
restriction endonucleases. After excision, the 3' and 5 ends of the DNA sequence and any intron exon 

so junctions are reconstructed to provide appropriate DNA sequences capable of coding for the N- and C- 
termini and the body of the TNF inhibitor protein and capable of fusing the DNA sequence to its operational 
Gl@rft6nts 

As described in Example 17 below, the DNA sequence utilized for the expression of 40kDa TNF 
inhibitor may be modified by the removal of either 153 or 159 base pairs from the gene that encodes for 
55 the mature 40kDa TNF inhibitor isolated from medium conditioned by human U937 cells and identified in 
urine. The A53 gene was prepared to remove the proline regime from the C-terminus of the full gene, and 
the A51 gene was prepared to approximate the C-terminus of the gene encoding for 30kDa TNF inhibitor. 
A DNA sequence, isolated according to these methods from a cDNA library and encoding at least a 
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portion o. the 30kDa TNF inhibitor described herein, has been deposited at the American Type Culter 

America^ Type Culfcre Collection. Rockvil.e. and encoding at !east a 

A DNA sequence, isolated according to these P 1 ^"^.*™^™ Z American Type Cultural 
portion of the 40kDa TNF inhibitor described here.n. has been depos.ted at the Amencan yp 
Collection, Rockville, MD, under Accession No. 68204. 



10 

6. Vectors 



(b) Microorganisms, especially E. coli 

~~ me vectors contended tor use in the ^^^^l^^^Z, 
sequence as discussed above can be inserted, alo ng ^wrth any ^ e °° r ^ d jn P such ca „. Preferred 
and which vector can then be subsequent,, •£^££^J^ aK< * t the operational 
vectors are those whose resection srtes have been wen docum t embodiments of the 

elements preferred or required for transcript-on of the DNA sequence. how .e , 
present invention are also Cloned which em^ 

one or more of the cDNA sequences described herein n particular, ii is p host-organism 
have some or al. of the following characteristics: (1) ^ prient in 

sequences; (2) be stabiy '^^^^^^^^^S^^o as* promote 
a high copy number in the desired host; (4) possess a regulata »p«M P se|ectable ^ 

other DNA sequences capable of coding for regulator proteins. 



(i) Regulators 



sequence may be grown to a desired densiy pnor to initiation t0 the microbial 
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achieved. 



(ii) Promoters 

The expression vectors must contain promoters which can be used by the host organism for expression 
of its own proteins. While the lactose promoter system is commonly used, other microbial promoters have 
been isolated and characterized, enabling one skilled in the art to use them for expression of the 
recombinant TNF inhibitor. 



(iii) Transcription Terminator 

The transcription terminators contemplated herein serve to stabilize the vector. In particular, those 
75 sequences as described by Rosenberg, M. and Court, D.. in Ann. Rev. Genet. 13 :319-3S3 0979), 
specifically incorporated herein by reference, are contemplated for use in the present invention. 



(iv) Non-Translated Sequence 

20 ' ' 

It is noted that, in the preferred embodiment, it may also be desirable to reconstruct the 3 or 5 end of 
the coding region to allow incorporation of 3' or 5 non-translated sequences into the gene transcript. 
Included among these non-translated sequences are those which stabilize the mRNA as they are identified 
by Schmeissner, U., McKenney, K., Rosenberg, M and Court, D. in J. Moi. Biol. 176 :39-53 (1984), 
25 specifically incorporated herein by reference. 



(v) Ribosome Binding Sites 

The microbial expression of foreign proteins requires certain operational elements which include, but 
are not limited to, ribosome binding sites. A ribosome binding site is a sequence which a ribosome 
recognizes and binds to in the initiation of protein synthesis as set forth in Gold, L, et al ., Ann. Rev. 
Microbio. 35 :557-580; or Marquis. D.M.. et al Gene 42 :175-183 (1986). both of which are specifically 
incorporated herein by reference. A preferred ribosome binding Site is GAGGCGCAAAAA(ATG). 



(vi) Leader Sequence and Translational Coupler 

Additionally, it is preferred that DNA coding for an appropriate secretory leader (signal) sequence be 
present at the 5 end of the DNA sequence as set forth by Watson. M.E. in Nucleic Acids Res. 12 :5145- 
5163. specifically incorporated herein by reference, if the protein is to be excreted from the cytoplasm. The 
DNA for the leader sequence must be in a position which allows the production of a fusion protein in which 
the leader sequence is immediately adjacent to and covalently joined to the inhibitor, i.e., there must be no 
transcription or translation termination signals between the two DNA coding sequences. The presence of the 
leader sequence is desired in part for one or more of the following reasons. First, the presence of the leader 
sequence may facilitate host processing of the TNF inhibitor. In particular, the leader sequence may direct 
cleavage of the initial translation product by a leader peptidase to remove the leader sequence and leave a 
polypeptide with the amino acid sequence which has potential protein activity. Second, the presence of the 
leader sequence may facilitate purification of the TNF inhibitor, through directing the protein out of the cell 
cytoplasm. In some species of host microorganisms, the presence of an appropriate leader sequence will 
allow transport of the completed protein into the periplasmic space, as in the case of some E. coli . In the 
case of ceratin E. coli . Saccharomyces and strains of Bacillus and Pseudomonas . the appropriate leader 
sequence will allowlransport of the protein through the cell membrane and into the extracellular medium. In 
this situation, the protein may be purified from extracellular protein. Thirdly, in the case of some of the 
proteins prepared by the present invention, the presence of the leader sequence may be necessary to 
locate the completed protein in an environment where it may fold to assume its active structure, which 
structure possesses the appropriate protein activity. 

In one preferred embodiment of the present invention, an additional DNA sequence is located 
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immediately preceding the DNA sequence which codes for the TNF inhibitor. The additional DNA sequence 
is capable of functioning as a translations coupler, i.e., it is a DNA sequence that encodes an RNA which 
serves to position ribosomes immediately adjacent to the ribosome binding site of the inhibitor RNA with 
which it is contiguous. In one embodiment of the present invention, the translational coupler may be derived 
5 using the DNA sequence 

TAACGAGGCGCAAAAAATGAAAAAGACAGCTATCGCGATCTTGGAGGATGATTAAATG 

and methods currently known to those of ordinary skill in the art related to translational couplers. 



10 (vii) Translation Terminator 

The translation terminators contemplated herein serve to stop the translation of mRNA. They may be 
either natural, as described by Kohli, J., Mol. Gen. Genet. 182 :430-439; or synthesized, as described by 
Pettersson, R.F. Gene 24 :15-27 (1983), both of which references are specifically incorporated herein by 
15 reference. 



(viii) Selectable Marker 

so Additionally, it is preferred that the cloning vector contain a selectable marker, such as a drug 
resistance marker or other marker which causes expression of a selectable trait by the host microorganism. 
In one embodiment of the present invention, the gene for ampicillin resistance is included in the vector 
while, in other plasmids, the gene for tetracycline resistance or the gene for chloramphenicol resistance is 
included. 

25 Such a drug resistance or other selectable marker is intended in part to facilitate in the selection of 
transformants. Additionally, the presence of such a selectable marker in the cloning vector may be of use in 
keeping contaminating microorganisms from multiplying in the culture medium. In this embodiment, a pure 
culture of the transformed host microorganisms would be obtained by culturing the microorganisms under 
conditions which require the induced phenotype for survival. 

30 The operational elements as discussed herein are routinely selected by those or ordinary skill in the art 
in light of prior literature and the teachings contained herein. General examples of these operational 
elements are set forth in B. Lewin, Genes . Wiley & Sons, New York (1983), which is specifically 
incorporated herein by reference. Various examples of suitable operational elements may be found on the 
vectors discussed above and may be elucidated through review of the publications discussing the basic 

35 characteristics of the aforementioned vectors. 

Upon synthesis and isolation of all necessary and desired component parts of the above-discussed 
vector, the vector is assembled by methods generally known to those of ordinary skill in the art. Assembly 
of such vectors is believed to be within the duties and tasks performed by those with ordinary skill in the art 
and, as such, is capable of being performed without undue experimentation. For example, similar DNA 

40 sequences have been ligated into appropriate cloning vectors, as set forth by Maniatis et al . in Molecular 
Cloning, Cold Spring Harbor Laboratories (1984), which is specifically incorporated hereinby" reference. 

In construction of the cloning vectors of the present invention, it should additionally be noted that 
multiple copies of the DNA sequence and its attendant operational elements may be inserted into each 
vector. In such an embodiment, the host organism would produce greater amounts per vector of the desired 

45 TNF inhibitor. The number of multiple copies of the DNA sequence which may be inserted into the vector is 
limited only by the ability of the resultant vector, due to its size, to be transferred into and replicated and 
transcribed in an appropriate host cell. 

so (b) Other Microorganisms 

Vectors suitable for use in microorganisms other E. coli are also contemplated for this invention. Such 
vectors are described in Table 1. In addition, certain prefeTred vectors are discussed below. 

55 



12 



EP 0 422 339 A1 



9 

ffl 



»- V) «l 

8 

S 

si 
ft? 



s 

Es 

55 



1 

Its 

I ** u 



• g. o 
2 S£ 



Si 



« rg 

8 % 

o S 

-. ? 

! i 



rlr-if 



e « — - — 
H - 4 vr u 

« e « « tA 



I* 



8 

ii 

i! 



II, 

3 >t! 



o — 

■i o 

Ul u 



a *j ac I- 

sis 



SL! f Si 

u 5 < vi 



si 

5 Su ■§" 



13 



EP 0 422 339 A1 



1. Backman, K., Ptashne, M. and Gilbert, W. Proc. Nat). Acad. Sci. USA 73 , 4174-4178 (1976). 

2. de Boer, HA, Comstock, L.J., and Vasser, M. Proc. Natl. Acad. Sci. USA 80 , 21-25 (1983). 

3. Shimatake, H. and Rosenberg, M. Nature 292 , 128-132 (1981). ~~ 
5 4. Derom, C, Gheysen, D. and Fiers, W, Gene 17 , 45-54 (1982). 

5. Hallewell, R.A. and Emtage, S. Gene 9 , 27-47 (1980). 

6. Brosius, J., Dull T.J., Sleeter, D.D. and Noller, H.F. J. Mol. Biol. 148 107-127 (1981). 

7. Normanly, J., Ogden, R.C., Horvath, S.J. and Abelson, J. Nature~321 , 213-219 (1986). 

8. Belasco, J.G., Nilsson, G., von Gabain, A. and Cohen, S.N. Cell 45 , 245-251 (1986). 

io 9. Schmeissner, U., McKenney, K., Rosenberg M. and Court, D.J. "Mol. Biol. 176 . 39-53 (1984). 

10. Mott, J.E., Galloway, J.L. and Piatt, T. EMBO J. 4 , 1887-1891 (1985). 

11. Koshland, D. And Botstein, D. Cell 20 , 749-760 (1980). 

12. Mowa, N.R., Kakamura, K. and Inouye, M. J. Mol. Biol. 143 , 317-328 (1980). 

13. Surin, B.P., Jans, D.A., Fimmel, A.L, Shaw, D.C., Cox, G.B. and Rosenberg. H. J. Bacteriol. 157 , 
75 772-778 (1984). 

14. Sutciiffe, J.G. Proc. Natl. Acad. Sci. USA 75 , 3737-3741 (1978). 

15. Peden, K.W.C. Gene 22 , 277-280 (1983). 

16. Alton, N.K. and Vapnek, D. Nature 282 , 864-869 (1979). 

17. Yang, M., Galizzi, A., and Henner, D. Nuc. Acids Res. 11(2) , 237-248 (1983). 

20 18. Wong, S.-L, Price C.W., Goldfarb, D.S., and Doi, R.H. Proc. Natl. Acad. Sci. USA 81_ , 1184-1188 
(1984). 

19. Wang, P.-Z. and Doi, R.H. J. Biol. Chem. 251^ , 8619-8625, (1984). 

20. Lin, C.-K., Quinn, LA, Rodriguez, R.L J. Cell Biochem. Suppl. (9B) , p. 198 (1985). 

21. Vasantha, N., Thompson, L.D., Rhodes, C, Banner, C, NagleTT. and Filpula, D. J. Bact. 159(3) , 
25 811-819(1984). 

22. Plava, I., Sarvas, M., Lehtovaara, P., Sibazkov, M., and Kaariainen, L. Proc. Natl. Acad. Sci. USA 79 , 
5582-5586 (1982). — 

23. Wong. S.-L, Pricee, C.W., Goldfarb, D.S.. and Doi, R.H. Proc. Natl. Acad. Sci. USA £M , 1184-1188 

(1984) . 

ao 24. Sullivan, MA, Yasbin, R.E., Young, F.E. Gene 29 , 21-46 (1984). 

25. Vasantha. N., Thompson, L.D., Rhodes, C, Banner, C. Nagle. J., and Filula, D.J. Bact 159(3) ,811- 
819 (1984). 

26. Yansura, D.G. and Henner, D. J. PNAS 81_ , 439-443 (1984). 

27. Gray, G.L, McKeown, KA, Jones, A.J.S., Seeburg, P.H. and Heyneker. H.L; Biotechnology, 161-165 
35 (1984). 

28. Lory, S., and Tai, P.C. Gene 22 . 95-101 (1983). 

29. Uu, P.V. J. Infect. Dis. 130 (suppl), 594-599 (1974). 

30. Wood. D.G., Hollinger, M.F., and Tindol, M.B. J. Bact. _[45 , 1448-1451 (1981). 

31. St. John, T.P. and Davis, R.W. J. Mol. Biol. 152 , 285-315 (1981). 

40 32. Hopper, J.E., and Rowe, L.B. J. Biol. Chem ."253 , 7566-7569 (1978). 

33. Denis, C.L., Ferguson, J. and Young, E.T. J. Biol. Chem. 258 , 1165-1171 (1983). 

34. Lutsdorf, L and Megnet, R. Archs. Biochem. Biophys. 1267933-944 (1968). 

35. Meyhack, B., Bajwa, N., Rudolph, H. and Hinnen, A. EMBO. J. 6 , 675-680 (1982). 

36. Watson, M.E. Nucleic Acid Research 12 , 5145-5164 (1984). 

45 37. Gerband, C. and Guerineau, M. Curr. Genet. ^ . 219-228 (1980). 

38. Hinnen, A., Hicks, J.B. and Fink, G.R. Proc. Natl. Acad. Sci. USA 75 , 1929-1933 (1978). 

39. Jabbar, M.A., Sivasubramanian, N. and Nayak, D.P. Proc. NatTAcad. Sci. USA 82 , 2019-2023 

(1985) . ~" 



0) Pseudomonas Vectors 

Several vector plasmids which autonomously replicate in a broad range of Gram negative bacteria are 
preferred for use as cloning vehicles in hosts of the genus Pseudomonas . Certain of these are described 
55 by Tait, R.C, Close, T.J., Lundquist, R.C., Hagiya, M., Rodriguez, R.L, and Kado, C.I. in Biotechnology, 
May, 1983, pp. 269-275; Panopoulos, N.J. in Genetic Engineering in the Plant Sciences , Praeger 
Publishers, New York, New York, pp. 163-185 (1981); and Sakagucki, K.7n Current Topics in Microbiology 
and Immunology 96 :31-45 (1982), each of which is specifically incorporated herein by reference. 
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One particularly preferred construction would employ the plasmid RSF1010 and derivatives thereof as 
described by Bagdasarian. M„ Bagdasarian, M.M., Coleman, S.. and Timmis, K.N. in Plasmids of Medial. 
Environmental and Co mmerical Importance . Timmis, K.N. and Punier, A. eds.. Elsevier/North Holland 
Biomedical P? eiT(iW^^ti^Fin^o7porated herein by reference. The advantages of RSF1010 are 
that it is a relatively small, high copy number plasmid which is readily transformed into and stably 
maintained in both E. coli and Pseudomonas species. In this system, it would be preferred to use the Tac 
expression system ^s~discribed for Escherichia . since it appears that the E. coli trp promoter is readily 
recognized by Pseudomonas RNA polymerase as set forth by Sakagucki, K. in Current Topics in 
Microbiology an d Immunology 96 :31-45 (1982) and Gray. G.L., McKeown. K.A.. Jones A.J.S., Seeburg, 
PH and Heyneker, H.L in Biotechnology, Feb. 1984. pp. 161-165. both of which are specif.caHy 
incorporated herein by reference. Transcriptional activity may be further maximized by requ.rmg the 
exchange of the promoter with, e.g., an E. coli or P. aeruginosa trp promoter. Additionally, the lad gene of 
E. coli would also be included in the plasmid to effect regulation. 

~ ~TFanslation may be coupled to translation initiation for any of the Pseudomonas proteins, as well as to 
initiation sites for any of the highly expressed proteins of the type chosen to cause intracellular expression 

of the inhibitor. . . ^.,^, a 

In those cases where restriction minus strains of a host Pseudomonas species are not available, 
transformation efficiency with plasmid constructs isolated from E. coli are poor. Therefore, passage of he 
Pseudomonas cloning vector through an r- m+ strain of another species prior to transformation of the 
desired host, as set forth in Bagdasarian. M., et al., Plasmids of Medical, Environmental and Commercial 
Importance . pp. 411-422, Timmis and Puhler eds., Elsevier/North Holland Biomedical Press (1979). 
specifically incorporated herein by reference, is desired. 



25 (ii) Bacillus Vectors 

Furthermore a preferred expression system in hosts of the genus Bacillus involves using plasmid 
PUB110 as the cloning vehicle. As in other host vector systems, it is possible in Bacillus to express the 
TNF inhibitor of the present invention as either an intracellular or a secreted protein. The present 

30 embodiments include both systems. Shuttle vectors that replicate in both Bacillus and E coli are available 
for constructing and testing various genes as described by Dubnau, D., Gryczan. T. ( Contente, S and 
Shivakumar, A.G. in Genetic Engineering , Vol. 2, Setlow and Hollander eds., Plenum Press. New York New 
York pp 115-131 (l980Tipecifically incorporated herein by reference. For the expression and secretion of 
the TNF inhibitor from B. subtiiis . the signal sequence of alpha-amylase is preferably coupled to the coding 

35 region for the protein -FbTiyiTthesis of intracellular inhibitor, the portable DNA sequence will be tran- 
slationally coupled to the ribosome binding site of the alpha-amylase leader sequence. 

Transcription of either of these constructs is preferably directed by the alpha-amylase promoter or a 
derivative thereof. This derivative contains the RNA polymerase recognition sequence of the native alpha- 
amylase promoter but incorporates the lac operator region as weil. Similar hybrid promoters constructed 

40 from the penicillinase gene promoter and the lac operator have been shown to function in Bacitotostt in 
a requlatable fashion as set forth by Yansura, D.G. and Henner in Genetics and Biotechnology of Baoln , 
Ganesan AT. and Hoch, J.A.. eds.. Academic Press, pp. 249-263 (1984). specifically incorporated by 
reference The lad gene of E. coli would also be included in the plasmid to effect regulation. 



45 



(iii) Colstridium Vectors 

One preferred construction for expression in Clostridium is in plasmid P JU12, described by Squires. 
CH et al in J. Bacterid. 159 :465-471 (1984) and specifically incorporated herein by reference, 
transformed into C. p erfringens "b7the method of Heefner. D.L. et al.. as described in J. Bacterid. 159 .460- 
464 (1984) specifically incorporated herein by reference. Transcription is directed by the promoter of the 
tetracycline resistance gene. Translation is coupled to the Shine-Dalgarno sequences of this same tet gene 
in a manner strictly analogous to the procedures outlined above for vectors suitable for use in other hosts. 



55 



(iv) Yeast Vectors 

Maintenance of foreign DNA introduced into yeast can be effected in several ways as described by 
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Botstein D and Davis, R.W., in The Molecular Biology of the Yeast Saccharomyces , Cold Spring Harbor 
Laboratory, Strathern, Jones and'Broach, eds., pp. 607-636 (1982), specifically incorporated herein by 
reference. One preferred expression system for use with host organisms of the genus Saccharomyces 
harbors the TNF inhibitor gene on the 2 micron plasmid. The advantages of the 2 micron circle include 
relatively high copy number and stability when introduced into cir' strains. These vectors preferably 
incorporate the replication origin and at least one antibiotic resistance marker from pBR322 to allow 
replication and selection in E coll . In addition, the plasmid will preferably have the two micron sequence 
and the yeast LEU2 gene to serve the same purposes in LEU2 defective mutants of yeast. 

If it is contemplated that the recombinant TNF inhibitors will ultimately be expressed in yeast, it is 
preferred that the cloning vector first be transferred into Escherichia coli , where the vector would be 
allowed to replicate and from which the vector would be obtained and purified after amplification. The vector 
would then be transferred into the yeast for ultimate expression of the TNF inhibitor. 

(c) Mammalian Cells 

The cDNA for the TNF inhibitor will serve as the gene for expression of the inhibitor in mammalian 
ceils It should have a sequence that will be efficient at binding ribosomes such as that described by Kozak. 
in Nucleic Acids Research 15 :81 25-81 32 (1987), specifically incorporated herein by reference, and should 
have coding capacity for a teader sequence (see section 3(a)(vi)) to direct the mature protein out of the cell 
in a processed form. The DNA restriction fragment carrying the complete cDNA sequence can be inserted 
into an expression vector which has a transcriptional promoter and a transcriptional enhancer as described 
by Guarente, L in Cell 52 :303-305 (1988) and Kadonaga, J.T. et al ., in Cell 51 :1079-1090 (1987), both of 
which are specifically incorporated herein by reference. The promoter may be regulable as in the plasmid 
pMSG (Pharmacia Cat. No. 27450601) if constitutive expression of the inhibitor is harmful to cell growth. 
The vector should have a complete polyadenylation signal as described by Ausubel, F.M. et al . in Current 
Protocols in Molecular Biology, Wiley (1987), specifically incorporated herein by reference, so that the 
mRNA transcribed from this vector is processed properly. Finally, the vector will have the replication origin 
and at least one antibiotic resistance marker from pBR322 to allow replication and selection in E. coli . 

In order to select a stable cell line that produces the TNF inhibitor, the expression vector can carry the 
gene for a selectable marker such as a drug resistance marker or carry a complementary gene for a 
deficient cell line, such as a dihydrofolate reductase (dhfr) gene for transforming a dhfr cell line as 
described by Ausubel et al ., supra . Alternatively, a separate plasmid carrying the selectable marker can be 
cotransformed along with The expression vector. 

7. Host Cells/Transformation 

The vector thus obtained is transferred into an appropriate host cell. These host cells may be 
microorganisms or mammalian cells. 



(c) Microorganisms 

It is believed that any microorganism having the ability to take up exogenous DNA and express those 
genes and attendant operational elements may be chosen. After a host organism has been chosen, the 
vector is transferred into the host organism using methods generally known to those of ordinary skill in the 
art Examples of such methods may be found in Advanced Bacterial Genetics by R.W. Davis et al Cold 
Spring Harbor Press, Cold Spring Harbor, New York, (1980), which is specifically incorporated herein by 
reference. It is preferred, in one embodiment, that the transformation occur at low temperatures, as 
temperature regulation is contemplated as a means of regulating gene expression through the use of 
operational elements as set forth above. In another embodiment, if osmolar regulators have been inserted 
into the vector, regulation of the salt concentrations during the transformation would be required to insure 
appropriate control of the foreign genes. 

It is preferred that the host microorganism be a facultative anaerobe or an aerobe. Particular hosts 
which may be preferable for use in this method include yeasts and bacteria. Specific yeasts include those 
of the genus S accharomyces . and especially Saccharomyces cerevisiae . Specific bacteria include those of 
the genera Bacillus . Escherichia , and Pseudomonas , especially Bacillus ' subtilis and Escherichia coli . 
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Additional host cells are listed in Table I, supra . 



(d) Mammalian Cells 



The vector can be introduced into mammalian cells in culture by several techniques such as calcium 
phosphate: DNA coprecipitation. electroporation, or protoplast fusion. The preferred method is coprec.prta- 
tjon with calcium phosphate as described by Ausube! et aU supra . 

Many stable cell types exist that are transformable and capable of transcribing and translating the cDNA 
sequence processing the precursor TNF inhibitor and secreting the mature protein. However, cell types 
may be variable with regard to glycosylate of secreted proteins and post-translational mod.f.catjon of 
amino acid residues, if any. Thus, the ideal cell types are those that produce a recombinant TNF inhibitor 
identical to the natural molecule. 

8. Culturing Engineered Cells 

The host cells are cultured under conditions appropriate for the expression of the TNF inhibitor. These 
conditions are generally specific for the host cell, and are readily determined by one of ordinary skill in the 
art in light of the published literature regarding the growth conditions for such cells and the teachings 
contained herein. For example, Bergey's Manual of Determinative Bacteriology, 8th Ed., Williams & Wilkms 
Company Baltimore, Maryland, which is specifically incorporated herein by reference, contains information 
on conditions for culturing bacteria. Similar information on culturing yeast and mammalian cells may be 
obtained from Pollack, R. Mammalian Cell Culture, Cold Spring Harbor Laboratories (1975), specifically 
incorporated herein by reference. 

Any conditions necessary for the regulation of the expression of the DNA sequence, dependent upon 
any operational elements inserted into or present in the vector, would be in effect at the transformation and 
culturing stages. In one embodiment, cells are grown to a high density in the presence of appropriate 
regulatory conditions which inhibit the expression of the DNA sequence. When optimal cell density is 
approached, the environmental conditions are altered to those appropriate for expression of the DNA 
sequence. It is thus contemplated that the production of the TNF inhibitor will occur in a time span 
subsequent to the growth of the host cells to near optimal density, and that the resultant TNF inhibitor will 
be harvested at some time after the regulatory conditions necessary for its expression were induced. 



9. Purification 

(a) TNF inhibitor Produced From Microorganisms. 

In a preferred embodiment of the present invention, the recombinant TNF inhibitor is purified subse- 
quent to harvesting and prior to assumption of its active structure. This embodiment is preferred as the 
inventors believe that recovery of a high yield of re-folded protein is facilitated if the protein is first purified. 
However, in one preferred, alternate embodiment, the TNF inhibitor may be allowed to refold to assume its 

45 active structure prior to purification. In yet another preferred, alternate embodiment, the TNF inhibitor is 
present in its re-folded, active state upon recovery from the culturing medium. 

In certain circumstances, the TNF inhibitor will assume its proper, active structure upon expression in 
the host microorganism and transport of the protein through the cell wall or membrane or into the 
periplasmic space. This will generally occur if DNA coding for an appropriate leader sequence has been 

50 linked to the DNA coding for the recombinant protein. If the TNF inhibitor does not assume its proper, 
active structure, any disulfide bonds which have formed and/or any noncovalent interactions which have 
occurred will first be disrupted by denaturing and reducing agents, for example, guanidin.um chloride and 
beta-mercaptoethanol. before the TNF inhibitor is allowed to assume its active structure following dilution 
and oxidation of these agents under controlled conditions. 

55 For purifications prior to and after refolding, some combinations of the following steps is preferably 
used- anion exchange chromatography (monoQ or DEAE-Sepharose), gel filtration chromatography 
(superose), chromatofocusing (MonoP). and hydrophobic interaction chromatography (octyl or phenyl 
sepharose). Of particular value will be affinity chromatography using TNF (described in Example 1). 
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(b) TNF inhibitor Produced from Mammalian Cells. 

TNF inhibitor produced from mammalian cells will be purified from conditioned medium by ««» tf« 
will ™,ude ion exchange chromatography and affinity chromatography using TNF as described m jB-mpto 
7 It will be apparent to those skilled in the art that various modifications and var.at.ons can be made in he 
processes and products of the present invention. Thus, it Is intended that the presen t .nvention cover the 
mXations and variations of this invention provided they come within the scope of the appended cla,ms 

^SiTJevlously. the TNF inhibitors of the present invention are contemplated for use as 
therapeutic agents and thus are to be formulated in pharmaceutical^ acceptable earners In one embodi- 
ment rt the present invention, the TNF inhibitors may be chemically modified to Improve the pharmokmetic 
SS^^fo^ter An example would be the attachment of the TNF inhibitors to a h,gh molecular 
weSht 5S£c materia, such as polyethylene glycol. In addition, interleuki ^ 
istered in conjunction with the TNF inhibitors. This combination therapeutic w,ll be especially useful .n 
treatment of inflammatory and degenerative diseases. in „ H „ t inn claimed 

The following examples illustrate various presently preferred embedments of the invention cla med 
herein! AH papers and references cited in the Examples that follow are specifically incorporated herem by 
reference. 

Example 1 . Protein Preparation 
A, Materials 

The gene for TNF alpha (TNFa) was purchased from British Biotechnology, Limited Oxford England. 
DEAE-Sepharose CL-6B resin and Mono-Q HR5/5. HR10/10 FPLC columns were purchased from Phar- 
madl Inc Piscataway New Jersey. Afliget-15 resin, and BioRad protein assay k.t were purchased from 
Bmad Hl^Tc^.. Tween 20, ammonium bicarbonate, sodium phosphate. PMSF sodium 
toar^'nate dlToLitol crystal violet and actinomycin D were purchased from Sigma Chemical Company, 
T ^s Misso^doproteinase Lys-C. Endoproteinase Asp-N and TR.S were purchased from Boehnn- 
ger Mannheim Biochemicals, Indianapolis, Indiana. Hexafluoroacetone was purchased te^JJJ 
fcals Costa Mesa, California. Cyanogen bromide, trifluorcacetic acd. and guanine »ydrad*nde iwere 
pu hased from Pierce Chemicals, Rockford. Illinois. Acetonitrile and "PLC water were purchased from JX 
Baker Chemical Company, Phillipsburg, New Jersey. Urea was purchased from Bethesda Research 
Laboratories Gaithersburg, Maryland. pH]-lodoacetic acid was purchased from New England Nuclear 
Bo«s'Jchusetts. rW- was purchased from Amersham. Ariington ^^^ST X 
human TNFa was purchased from Amgen. Thousand Oaks, California. CS-reverse phase columns ^(25 cm x 
4 6 mm) were obtLed from Synchrom. Inc., Lafayette, Indiana. A C8-microbore reverse phase column (7 
« m^ron 22 cm x 2.1 mm) was obtained from Applied Biosystems. Foster City. California. Cornmg 96-weN 
m c omer plates were purchased from VWR Scientific. Batavia, Illinois. McCoys 5A media and fetal bovine 
^n^-^" ««, Grand Island. New York. RPM-1 ,640 ^ 
purchased from Mediatech. Herndon, Virginia. Trypsin was purchased from ICC. Bl0 '°9^f R ^- 
Kansas. ME180 K937 and L929 cell lines were obtained from American Type Culture Collection. RockvHIe. 
45 Maryland. 

B. Assays for the TNF inhibitor 
so Two types of assays were used to identify the TNF inhibitor. One of them is a cytotoxicity assay. The 
other is a gel shift assay. 

1. Cytotoxicity Assay 

" The cytotoxicity assay was performed with actinomycin D-treated ME180 cells and L929 cells as 
desc^ trove and Gifford (Proc. Soc. Exp. Biol. Med. 160. 354-358 (1979)) an I Aggarwal and 
Essalu ( J . Biol. Chem. 262. 10000-10007 (1987)). L929 cells (CCU: American Type Cutture Collection) cells 
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were maintained In McCoy's 5A medium containing 10% fetal bonne serunv Confluent euHune were 
treated briefly with 0.25% trypsin in physiological solution containing 5mM EDTA and resuspended m a 
^ medium Approximately 2 x 10' trypsinized cells per well were plated in 96-Well plates Cornmg) and 
kYcubated for 24 hours at 37* C. Then actinomycin D was added to a final concentration of 0.25 ug per ml. 
Zr two Irs. samp.es containing TNF and TNF inhibitor were added to the wells and incuba on was 
continued overnight at the same temperature. After microscopic evaluation, the medium was decanted and 
the wells were rinsed with PBS. The wells were then filled with a solution of 0 % crystal viok* 10% 
formaldehyde and 10mM potassium phosphate. pH 6.0 for S.min, washed thoroughly with water and dneo. 
The dye was extracted with 0.1 M sodium citrate in 50% ethanol. pH 4.2. The absorbance of the dye in 
viable cells was determined at 570 nm using a Kinetic microplate reader (Molecular Devices Corp. WAn 
example of this assay is shown in Figure 1. In the presence of TNF inhibitor, the cytotoxic effect of TNF 
was reduced. 



2. Gel Shift Assay 



The ael shift assay involves the use of a native polyacrylamide gel electrophoresis system This native 
4% gel electrophoresis was performed according to Hedrick and Smith (Arch. Biochem. and B,ophysics 
126 1 55-164 (1968)). The iodinated TNF (Amersham) was mixed with the TNF inh,b.tor from Example 1£ 
afte C8 chromatography and incubated for 30 min. to 2 hours. This mixture, along wit h the .odinate d TNF 
alone, were loaded onto the 4% native gel and electrophoreses After the gel was fixed with »% acttc 
acid and washed, a film was placed for radioautography. As shown in Figure 2, the complex of TNF and 
TNF inhibitor migrates differently from the TNF by itself. This gel shift assay was used to determme which 
fractions contain TNF inhibitor in the eluates of DEAE CL6B column chromatography. 



C. Purification of the 30kDa TNF Inhibitor 

Twenty liters of urine from a patient diagnosed with renal dysfunction was concentrated to 200 ml with 
an Amicon YM5 membrane. The concentrate was then dialed at 4 C against 0.025 M Tr,s-CI. pH 7A«nd 
subsequently centrifuged in a JA14 rotor at 10.000 rpm for 30 minutes. The was men Moaded 

onto a 40 x 4.5 cm DEAE Sepharose CL-6B column equilibrated with 0.025 M Tris-CI, pH 7.5 and 
extensively rinsed with equilibration buffer until the OD 2! o of the effluent returned to baseline. Chromatog- 
raphy was accomplished using a linear gradient from 0-0.05 M sodium chloride ,n 0.025M Tns-C pH 7^5 
and monitored by OD 280 . Column fractions were collected, and assayed for TNF inh.bitor activity using the 
native gel assay. The TNF inhibitor eluted elutes in a rather sharp peak at 80mM NaCI. 

Figure 6A shows the OD 2a , profile of the DEAE Sepharose ^f^^fj!^^ 
6B shows the autoradiograph of the corresponding native gel assay indicating a peak of the TNF mhibitor at 
fractions 57-63, which is about 80mM NaCI. 

The TNF inhibitor was further purified using a TNF affinity column. Recombinant TNF ^was express^ in 
BL21/DE3 at about 10-20% total cell protein. The cell pellet was French-pressed at 20.000 psi and the 
soluble material dialyzed at 4' C against 0.025 M Tris-CI pH 8.0. The dialyzed lysate was 0.2 micron- f, tered 
and loaded onto a Mono-Q FPLC column equilibrated with 0.025 M Tris-CI ph 8.0 A linear gradien j om 0 
to 0 5 M NaCI in 0.025 M Tris-CI pH 8.0 was run and monitored by OD 280 . One ml fractions were collected 
and'arlilyzed for puritf by SDS-PAQE. The subsequent TNFa pool was about 95% pure based on 
Coomassie-stained SDS-PAQE and was fully active based on a Bradford protein assay, using lysozyme as 
a standard, and an ME180 bioassay, using Amgen's TNFa as a standard (Bradford, M. Annal. B,ochem. 72, 

^TNFrwas'concentrated in an Amicon Centriprep-10 to about 25 mg/ml, dialyzed against 100 mM 
NaHCOj pH 8.5, and coupled to Afflgel-15 resin at 25 mg TNF/ml resin. A coupling efficiency of greater 
than 80% yielded a high capacity resin which was used to further purify the TNF inhibitor. 

PMSF. at a final concentration of 1-4 mM. was added to the DEAE CL-6B pool and applied o a 4x1 
cm TNF affinity column equilibrated at 4' C with 0.025 M Tris-CI pH 7.5 at a flow rate of 0.1 ml/mm. The 
column was then rinsed with 0.025 M Tris-CI pH 7.5 until the OD 28 o of the effluent returned to baseline. The 
column was subsequently eluted with 0.05 M NaPhos. pH 2.5 and monitored by OD 2B0 . Figure 7 shown the 
OD 2 ,o profile of the 0.05 M NaPhos pH 2.5 elution from the TNF affinity column. 

The TNF Inhibitor was" purified to homogeneity by reverse phase HPLC on a Syncropak RP-B <C8) 
column The OD 28 o peak from the TNF affinity column was pooled and immediately loaded onto a RP-8 
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column, equilibrated with 0.1% TFA/H 2 0, a linear 1%/min gradient of 0.1% TFA/acetonitrile was run, from 
0-50%, and monitored by OD 2 , 5 and OD 28 o. Fractions were collected and assayed from bioactivity using 
L929 cells and the native gel assay described in Example 1J3. Both of these assays indicate bioactivity at 
fractions 28-32 which corresponds to a peak of OD 2 is and OD 28 o eluting at 18% acetonitrile. 

Figures 8A and 8B show the chromatographic profile of the TNF affinity pool on a Syncropak RP-8 
column with the corresponding bioactivity from the L929 cytotoxicity assay. Figure 8B shows a silver 
stained 15% reducing SDS-PAGE of the RP-8 pool indicating a single band at 30kDa. 



D. Characterization of the Protein Component of 30kDa TNF Inhibitor 



30kDa TNF inhibitor is a glycoprotein as was detected using Concanavatin A-Peroxidase after the 
protein was transferred onto the nitrocellulose filter. This method is a modification of Wood and Sarinana 
(Analytical Biochem. 69, 320-322 (1975)) who identified glycoproteins on an acrylamide gel directly. The 
peroxidase staining of glycoprotein was performed by using peroxidase conjugated Con A or non- 
conjugated Con A. When non-conjugated Con A was used, the nitrocellulose filter was incubated for one 
hour in a solution containing Con A (0.5 mg/ml, Miles Laboratory) in phosphate buffer, pH 7,2 (PBS); then 
washed 3x5 min. in PBS. The washed filter was incubated in horseradish peroxidase (0.1 mg/ml, Sigma 
Chemical) for one hour. After 3x15 min. was in PBS the filter was immersed in a solution containing 3 
mg/ml 4-chloro-1 -naphthol (Sigma Chemical) and 12.5 ul/ml of hydrogen peroxide until the color was 
developed. Glycoprotein was seen as a purple color. A photograph was made as soon as the filter was 
developed as shown in Rgure 3. 

Chemical deglycosylation of TNF inhibitor was carried out by the method of Edge, Faltynek, Hot, 
Reichert and Weber (Analytical Biochem. 118, 131-137 (1981)). A mixture of 0.25 ml anisole (Eastman 
Kodak) and 0.5 ml of trifluoromethanesulfonic acid (Eastman Kodak) was cooled to 4 C, then 1-200 ng of 
dry TNF inhibitor were dissolved in 3ul of this mixture. The tube was flashed with nitrogen, then incubated 
for 30 min. at room temperature. This deglycosylated protein was analyzed on SDS-PAGE (Figure 4). The 
molecular weight of chemical treated TNF inhibitor is about 18,000 dalton. A band at 14,000 was seen also, 
but this may be a proteolytic fragment of deglycosylated TNF inhibitor. 

The enzymatic deglycosylation using N-giycanase was performed following the manufacturer's protocol 
(Genzyme Corp.) except TNF inhibitor was incubated with N-glycanase for 5 to 6 hours instead of overnight. 
The molecular weight of the deglycosylated form of denatured TNF inhibitor is shown to be about 20,000 
dalton (Figure 5). When the inhibitor is not denatured prior to deglycosylation. the molecular weight of the 
deglycosylated protein is about 26,000 dalton. 



E. Deglycosylated 30kDa TNF-inhibitor binds to TNF. 

Radiolabeled TNF inhibitor (30kDa) was treated with TFMSA (trifluoromethanesulfonic acid) in order to 
remove carbohydrates, and the TFMSA was separated from the protein by HPLC. The protein fraction was 
mixed with TNF-affigel for one hour at 4* C, and all unbound material was removed by centrifugation. The 
TNF-affigel was washed extensively with 50mM NaP04, pH 2.5. Radioactivity in each fraction was counted 
and also analyzed on a SDS-PAGE. Non-specific binding of TNF inhibitor was measured using an- 
hydrochymotrypsin affigel. The results are shown in Table 2. These results indicate that deglycosylated 
TNF inhibitor (30kDa) binds to TNF. 

TABLE 2 



Sample 


Type of 
Affinity 


Count (CPM) 


Flow Through 


Eluate 


Native TNF-INH 
Native TNF-INH 
TFMSA-Treated TNF-INH 
TFMSA-Treated TNF-INH 


TNF 
Anhy CT 
TNF 

Anhy CT 


49401 (55.0%) 
80000 (98.0%) 
13369 (73%.0) 
15682 (94.0%) 


40014(45.0%) 
1789 ( 2.0%) 
4908 (27.0%) 
926 ( 6.0%) 
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In another experiment, radiolabeled TNF inhibitor (30kDa) was reduced, then deglycosylated I with N- 
glycanase. After deglycosylation, the material was incubated with 13 mM oxidized glutathione (GSSG) for 
10 minutes at room temperature, and diluted 5 fold with 50mM Tris. Cysteine was then added to a final 
concentration of 5mM. The material was incubated at 4* C for 16 hours then mixed with a TNF-affigel for 
one hour at 4* C. Unbound material was removed, and the gel was washed extensively with 50mM Tns- 
HCl, pH 7.5. The bound material was eluted with 50mM NaPO*. pH 2.5. Radioactivity in each fraction was 
analyzed, and a SDS- PAGE was performed for each fraction. As seen in Table 3 and Figure 18. the 
deglycosylated and reoxidized TNF inhibitor also binds to TNF. 

TABLE 3 



Sample 


Type of 
Affinity 


Count (CPM) 


Flow Through 


Eluate 


Native TNF-INH 

Native TNF-INH (reduced/reoxidized) 
TFMSA-Treated (reduced/reoxidized) 
Deglycosylated TNF-INH (reduced/reoxidized) 
Deglycosylated TNF-INH (reduced/reoxidized) 


TNF 
TNF 
Anhy CT 
TNF 

Anhy CT 


18281 (60.0%) 
28589 (94.0%) 
31371 (98.70) 
25066 (85.0%) 
29619(98.4%) 


12603 (40.0%) 
1964 ( 6.0%) 
421 ( 1.3%) 
4305 (15.0%) 
495 ( 1.6%) 



Example 2. Sequencing of 30kDa TNF Inhibitor 

N-terminal sequences were determined using Applied Biosystems Protein Sequencers, models 4 
477. Prior to sequencing, peptides generated from a variety of proteolytic enzymes were purified 
Applied Biosystems C8-microbore HPLC column (22 cm x 2.1 mM). 



A. Amino Terminal Sequencing 

Approximately 250 pmoles of reverse phase (RP-8) purified TNF inhibitor were applied directly to a 
polybrene filter and subjected to automated Edman degradation. The resulting sequence information 
yielded the first 30 amino acids of the molecule. 



B. Endoproteinase Lys-C Digestion of Native Protein 

Approximately 250 pmoles (5 ug) of reverse-phase purified TNF inhibitor was digested with 1 ug of 
endoproteinase Lys-C. The 12 hour digestion at 25* C was carried out in the presence of 1M urea. 0.01% 
Tween 20 and 150 mM NH 2 HC0 3 , pH 8.0. Prior to peptide purification the digest was reduced by 
incubation for 1 hour following addition of 50-fold molar excess of dithiothreitol, or reduced and alkylated by 
a further one hour incubation at 37* C using a two-fold molar excess of pH]-iodacetic acid over dithioth- 
reitol. Figure 9A shows the reverse phase HPLC pattern of this digestion. Figure 9B shows the reverse 
phase HPLC pattern of this digest followed by alkylation. 



C. Endoproteinase Asp-N Digestion of Native Protein 

Approximately 250 pmol (5ug) of reverse phase purified TNF inhibitor was digested with 0.5-2.5 ug 
endoproteinase Asp-N. The 12-18 hour digest at 37* C was carried out in the presence of 1M guanidine- 
HCI, 0.01% Tween 20 and 150 mM NaPhos. pH 8.0. 

Prior to peptide purification the digest was reduced and alkylated as in Example 2J3. Figure 10 shows 
the reverse phase HPLC pattern of two such digests. 
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D. Reduction Carboxymethylation of Protein 

The reverse-phase HPLC purified TNF inhibitor was reduced and carboxymethylated with [ 3 H] 
lodoacetic acid as described by Glazer, et al., in Chemical Modifications of Proteins, pp. 103-104 (1975), 
except two successive rounds of reduction followed by alkylation were used. The protein was re-purified by 
reverse-phase HPLC prior to proteolytic digestion. 

E. Endoproteinase V8 Digestion of Reduction Carboxymethylation of Protein 

An analytical digest was performed by dissolving 55 pmoles (about 1 ug) of reduced carboxymethylated 
TNF inhibitor in 150 mM NaHCOa pH 8.0, and digesting it with 0,2 ug V8 protease for 18 hours at 25 C. 
Reverse-phase HPLC (Figure 11 A) revealed three sequenceable peptides and indicated a larger scale 
digest was in order. Approximately 220 pmoles (4.5 ug) of reduced carboxymethylated TNF inhibitor was 
digested with 1 ug V8 protease for 5 hours at 25' C when an additional 0.5 ug V8 protease was added and 
the digestions continued for 16 hours. Figure 11B shows the reverse-phase HPLC of the large scale V8 
digest. 

F. Complete Prin^ Sfru^ 

Various peptide fragments were aligned according to the cDNA sequence obtained in Example 4. This 
is shown in Figure 19. Residues which are not identified by protein sequencing are residue numbers 14, 42, 
43, 44, 96, 97, 105, 107, 108. and 110 through 119. The sequence of Gln-lle-Glu-Asn is apparently the 
carboxyl terminus of the 30 kDa TNF inhibitor. 

Example 3. 30kDa TNF Inhibitor is produced by U937 cells stimulated with PMA and PHA . 

The monocyte-like cell line U937 was grown at 37* C in RPMI medium containing 10% fetal calf serum 
to a cell density of 1 x 10 6 cells/ml. The cells were then removed by centrifugation and resuspended on 5 
different 100 cm 2 petri plates at 2 x 10 6 cells/ml in RPMI without serum containing 10 ng/ml of PMA 
(phorbol 12-myristate 13-acetate) and 5 ug/ml PHA-P (phytohemagglutinin-P). The cond.tioned medium 
from one plate was harvested after only 10 minutes of incubation and used as a zero time control The 
medium from the remaining plates was successively removed at 24 hours, 48 hours, 72 hours ; and 96 hours 
after plating. The protein contained in these samples was concentrated into approximately 400 ul each by 
Centriprep-10 (Amicon Corp.) treatment. Each 400 ul sample was then mixed with an equal volume of an 
Affigel-15 (Biorad Corp.) preparation containing approximately 10 mg/ml of purified human recombinant 
TNFa that had been prepared in our laboratory. This TNFa, prior to being bound to the Affigel-15 resin, had 
40 been shown to be bioactive by its toxicity to murein L929 cells. 

The conditioned medium was incubated at room temperature batchwise with the TNFa affinity resin for 
2 hours The unbound fraction was removed after centrifugation of the resin and the resin was subsequently 
washed with 1 ml (500ul, 2x) of PBS (phosphate buffered saline, pH 7.5) containing 0.1% gelatin Bound 
material was eluted with a 25 mM solution of monobasic sodium phosphate. pH 2.5 (400 ul, 2x). 40 ul of 
each of the unbound, washed, and eluted fractions were dried, resuspended in 10 ul of 25 mM Tris pH 7.5, 
mixed with 2 ul (100 pci) of 125 l-TNFa (400-800 ci/mmole, Amersham) and incubated for 30 minutes at room 
temperature. These mixtures were then mixed with 5 ul of 40% sucrose and 1 ml of 0.1% bromophenol 
blue and applied to a 4% native acrytamide gel as described in Example m The conditioned medium 
from all samples except the zero control contained TNFa binding activity by this assay as shown in Figure 

15 ' The remaining 300 ul from each sample (1st low pH elution) were applied to a C8 HPLC column and 
eluted with a linear gradient of acetonitrile over 60 minutes (1%/minute, 1 ml/minute flow rate, 1 ml fractions 
were collected). Each fraction as dried and resuspended in 50 ul of PBS + 0.1% gelatin. 10 ul of each of 
these samples was mixed with 125 l-TNFa as above and analyzed by native polyacrylam.de gel TNFa 
binding activities are detected in fractions corresponding to 33% and 36% acetonitrile as shown in Figure 
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Example 4. Analysis of messenger RNA from PMA/PHA treated U937 cells 



U937 cells were grown as described in Example 3 to a density of 1 x 10 6 cells/ml and then 
resuspended in serum-free medium at 2 x 10 s cells/ml without or with PMA (10 ng/ml) and PHA (5 ug/ml). 

e Samples were taken at 1 hour +/- PMA/PHA and 17 hours + PMA/PHA only. Total RNA was prepared form 
the cells by the guanidinium thiocyanate-phenol-chloroform method of Chomczynski and Sacci (Analytical 
Biochemistry 162 :1 56-1 59, (1987)). Poly A* RNA was prepared from total RNA by annealing to oligo dT 
cellulose (Bethiida Research Labs). Eight micrograms of each poly A* RNA was then applied to a 6.6 
formaldehyde, 1.2% agarose gel. The RNA within the gel was then blotted to a zeta probe membrane 

10 (BioRad). The membrane was treated as described in Example 5 for screening of a human genomic DNA 
library with oligonucleotide probes. 1 x 10 s cpm/ml of a labelled single stranded DNA probe (polynucleotide 
kinase) was added. The sequence of this probe is: 
5' TTGTGGCACTTGGTACAGCAAAT 3' 

and it corresponds to bases 410-433 of the sequence set forth in Figure 13. Following overnight 
is hybridization at 65* C, the membrane was washed once at room temperature in 6 X SSC 0.1% SDS and 
once at 65 *C in the same solution and then exposed to x-ray film for 72 hours. The autoradiogram shown 
in Figure 17 shows that PMA/PHA treatment of U937 cells in serum-free medium for 1 hour clearly 
stimulates the expression of the 30kDa TNFa inhibitor messenger RNA and that by 17 hours of treatment 
this message is virtually absent from the cells. The molecular size of the 30kDa TNFa inhibitor messenger 
io RNA based on this experiment is approximately 2.4 kilobases. 



Example 5. Preparation of a human genomic DNA library for 30kDa TNF inhibitor 

25 Human genomic DNA was partially digested with Sau 3AI and size selected. DNA with an average size 
of 15 KB was ligated into the Bam HI site of bacteriophage lambda Charon 30. (Rimm, D.L, Horness. D., 
Kucera, J., and Blattner. F.R. Gene 12:301-309 (1980)). Phage were propagated and amplified on E. coli 
CES 200. 

30 

A. Probes 

The four degenerate oligonucleotide hybridization probes listed in Table 4. were synthesized on an 
Applied Biosystems DNA synthesizer. Each probe mixture consisted of all possible DNA sequences coding 
35 for the given peptide sequence. 

TABLE 4 



Peptide 
Name 


Peptide 
Sequence 


Probe Name 


Probe Sequence 


LysC 18 
LysC 11 
LysC 11 
LysC 11 


KEMGQVE 
QGKYIHP 
YNDCPG 
YIHPQNN 


TNFBP-P20 
TNFBP-P2' 
TNFBP-P3' 
TNFBP-P4 


STCNACTCTGNCCCATTCTCTCTT 3' 
5 CAAGGGNAAAGTATCACATCC 3 
5 ' TATC AATCG ATCTGTC C C N G G 3' 
5'TTAGTTTCTGNGGAGTCAGT 3' 


N = G, A, T, or C. 



50 Oligonucleotides were labeled with [gamma - a2 P] ATP (Amersham Inc.. Arlington Heights. IL) and T4 
polynucleotide kinase (Boehringer Mannheim, Indianapolis, IN) to a specific activity of 6-9 x 10 s 
c.p.mVpicomole according to manufacturer's instructions. 

55 B. Methodology : 

8.4 x 10 5 lambda phage containing human genomic DNA were plated and transferred to duplicate 
nitrocellulose filters. These filters were hybridized with 1 pMol/mi of probe TNFBP-P2' for 16 hours in a 
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solution containing 1.0 M NaCI, 0.1 M sodium citrate, 2x Denhardts solution (Denhardt, D.T. Biochem. 
Biophys. Res. Commun. 23:641-646 (1966)), 0.1% SDS, 0.05% sodium pyrophosphate and 150 ug/ml yeast 
tRNA at alemperature of 52* C. This temperature is 2*C below the calculated Tm for the most AT-rich 
member of the oligonucleotide pool. (Suggs, S.V. in Developmental Biology Using Purified Genes, (Brown, 

5 D.D., and Fox, C.F., eds.) Academic Press, New York, pp. 683-693 (1981)). After hybridization, the filters 
were washed for 45 minutes at ambient temperature with three changes of 1 M NaCI, 0.1 M sodium citrate 
and 0.5% SDS. A stringent wash of eight minutes was done at the calculated Tm (i.e., 2*C above 
hybridization temp) for the most AT-rich member to the pool. Filters were then dried and autoradiographed 
for 40 hours with one intensifying screen at -70 * C. 

70 Eleven positive hybridizing plaques were detected and these were isolated and amplified. The ability of 
these clones to hybridize to TNFBP-P20, TNFBP-P3' and TNFBP-P4 was tested using similar methodology. 
One clone (TNFBP-8) hybridized to all four oligonucleotides. This clone was plaque purified and amplified. 
DNA was prepared from this clone using Lambda-Sorb (Promega Corporation, Madison, Wl) and a method 
described by the manufacturer. 

is One microgram of this DNA was then digested with Sau 3AI and the fragments subcloned into Bam HI 
digested M13 sequencing vector mp 18 (Yanish-Perron, C, Viera, J., and Messing, J. Gene 33:103-119 
(1985)). M13 clones were then transferred to duplicate nitrocellulose filters and hybridized to the 
oligonucleotide probes in Table 4 using conditions previously described. Positive subclones were purified 
and sequenced (Sanger, F., and Coulson, A.R.J. Mol. Biol. 94 :441-448 (1975)) using a modified T4 DNA 

20 polymerase (Sequenase, US Biochemical Corp., Cleveland OH) as described by the manufacturer, and 
using as primers either the degenerate probes used to identify the clone or sequence obtained using those 
probes. Among the sequences obtained are those of Subclones TNFBP-M13-Sau 3A-P2'-2 and TNFBP- 
M13-Sau3A-P4 Primers P3, P3', P2', P2 and P4. The sequence data is set forth in Figure 13. The sequence 
contains DNA coding for at least 48 amino acids of 30kDa TNF inhibitor peptides other than those specified 

25 by the probes and therefore confirms that the clone TNFBP8 codes for TNF inhibitor. The sequence also 

shows that the gene for TNF inhibitor includes at least one intron (GTAGGGGCAA 

.CCCCATTCACAG). Finally, this sequence shows that 30kDa TNF inhibitor is synthesized as a precursor 
protein and that a proteolytic cleavage at the Arg-Asp sequence is required to generate the mature, active 
protein. 

30 

Example 6. Preparation and screening of a cDNA library of mRNA from U937 cells stimulated with 
PMA/PHA T 

35 The experiment described in Example 4 shows that U937 cells treated with PMA/PHA for 1 hour should 
contain a pool of messenger RNA enriched for the TNF inhibitor (30kDa). Accordingly, a cDNA library was 
prepared from polyA* RNA obtained from U937 cells treated with PMA/PHA as described in Example 4. 
Double stranded, blunt ended cDNA was obtained from approximately 5 ug of poly A* RNA essentially as 
described by Gubler, U., and Hoffman, B.J., (1983 Gene , 25:263) using lot tested reagents (Amhersham, 

40 Arlington Heights. IL) according to procedures recommended by the manufacturer. Approximately 1 ug of 
double stranded cDNA obtained was treated with the enzyme EcoRI methylase and EcoRI linkers having 
the sequence: d(pCCGGAATTCCGG) (New England Biolabs. Beverly. MA), were attached via T4 DNA 
ligase followed by digestion with endonuclease EcoRI. This DNA was then ligated into a lambda- 
bacteriophage cloning vector gt10 (Young, R.A., and Davis. R.W. (1983) Proc Natl Acad Sci USA , 80:1194- 

45 1198) that had been digested with EcoRI and the product packaged into infective lambda-bacteriophage 
particles using lambda-DNA packaging extracts (Gigapack II Gold) obtained from Stratagene (La Jolla, CA) 
according to their protocol. This lambda-lysate (cDNA library) was then used to infect E. coli strain C600 
hfIA and it was shown that the library contained approximately 2.5 x 10 6 recombinant members. 

Approximately 4 x 10 s members of this library were plated on E. coli strain C600 hfIA (5 x 10* 

so p.f.u./plate). Duplicate lifts to nitrocellulose were made and the filters were treated as described in Example 
5 for screening of the human genomic library. The DNA on the filters was then hybridized to the same 32 P 
labelled probe as described in Example 4 except that the temperature of incubation was 42* C. From 4 x 
10 s recombinant phage plated, 3 duplicate plaques hybridized to this probe. These were further reisolated 
and probed as above and with an additional synthetic probe having the sequence: 

55 5' CCCCGGGCCTGGACAGTCATTGTA 3' 

This probe corresponds to bases 671-694 of the human genomic TNF inhibitor clone shown in Figure 
1 3. Both probes hybridized to all three plaques identified with the first. 

After plaque purification DNA was prepared from these three clones and subcloned into the EcoRI site 
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of M13 vectors MP18 and MP19 as described in Example 5. Each of these cDNta oonnrt of ^ Ecoffl 
fragments one of approximately 800 bp common to all three clones and another 1300 bp, 1100 bp or 1000 
bp depending on the clone. The likely origin of the unique EcoRI fragments in each clone «s incomplete 
elongation by the enzyme reverse transcriptase during 1st strand synthesis of the cDNA. Therefore those 
Eco Rl fragments likely represent the 5 end of the TNF inhibitor MRNA and the 800 bp fragment the 3 
ind This is confirmed by the DNA sequence obtained for these fragments as described below. 

From the EcoRI subclones of the cDNA described above the entire sequence of the 2100 bp cDNA was 
obtained. The didioxy nucleotide chain termination method of sequencing was used (Sanger, F and 
Coulson AR. (1975) J. Mol. Biol . 94:441-448). The modified T7 DNA polymerase, Sequenase (U.S. 
Biochemical. Cleveland70HF^a7TTsed as the elongation enzyme as described by the supplier Sequencing 
primers were synthetic oligonucleotides prepared from the human genomic sequence of the TNF inhibitor 
as shown in Figure 13 or sequences obtained using those primers. Figure 20 shows the translated 
sequence derived from one of the cDNA clones. This sequence corresponds to that obtained by protein 
sequence data as described in Rgure 19. The entire sequence of the human 30kDa TNF inhibitor cDNA 
from clone Iambda-gtl0-7ctnfbp is shown in Figure 21. 

Example 7. Expression of the 30kDa TNF Inhibitor cDNA in Escherichia coli 

The portion of the TNF inhibitor (30kDa) cDNA gene coding for the soluble TNFa binding activity has 
been prepared for expression in E. coli as described below. . , . inhihitnr 

Because the protein coding nouehca defining the C-terminal portion of the ur.ne der.ved TNF inhibitor 
(seouence QIEN base 771 Figure 20) is not followed by a termination codon in the cDNA sequence, one 
was added by oligonuciectide directed in vitro mutagenesis (Biorad, Richmond CA). An M13MP19 clone , of 
the 1300 bp EcoRI fragment from tfie^Iohe Iambda-gt1 07ctnfbp, was hybr.dtzed with the synthetic 
oligonucleotide: 

5' CTACCCCAGATTGAGAATTAAGCTTAAGGGCACTGAGGAC 3 

After 2nd strand synthesis and transection into an appropriate host, mutant clones were identified by 
hybridization to the above described mutagenic oligonucleotide. The molecular identity of the c ones so 
identified was confirmed by DNA sequencing as described (Example 5). Next, a 468 bp fragment defined 
bv Styl (position 303) and Hindlll defining the C-terminus of the protein was removed from the Rl form as a 
mutagenized clone and inserted into E. coli expression plasmid containing the tac I promoter (DeBoer H A 
et al!. (1983) Proc. NatL Acad. ScifUSA 80:21-25). This construction was accomplished by use of the 
synthetic double strand adapter sequence: 

5« GATCCGATCTTGGAGGATGATTAAATGGACAGCGTTTGCCCC 3' 
GCTAGAACCTCCTACTAATTTACCTGTCGCAAACGGGGGTTC 

This adapter translationally couples the TNF inhibitor gene (truncated form as described above) to the 
first 12 codons of the bacteriophage T7 gene 10. The DNA sequence of this construct from the pc ).nt of 
translation initiation at gene 10 through the adapter sequence is shown ,n Rgure 22. A methionine , eodon 
(ATG) is necessarily added to the TNF inhibitor gene sequence for expression in E. coli . This plasmid is 

ral ' e Thf predicted molecular weight of this protein is approximately 17.600kDa a molecular weight that is 
very close to the deglycosylated native TNF inhibitor <30kDa). 



Example 8: Purification of active TNF inhibitor (30kDa) from Escherichia coli 

Cells from one liter of E. coli culture ( P TNFIX-1JM1071on-) grown under induced condition for 2 hours 
were resuspended in 10 mi oT50mM Tris-HCI. pH 7.5 containing 2mM EDTA (TE buffer) and French 
pressed at 20,000 psi. at 4" C. The material was centrifuged at 20,000g for 10 min. The resulting peHet was 
washed once with TE-buffer. The washed pellet was resuspended in 2 ml of 6M Guanidine-HCI and 
incubated at room temperature for 10 min. After the incubation. 80 ul of 500 mM DTT was added and the 
mixture was Incubated at room temperature for another 30 min. The material which remained insoluble after 
this treatment was removed by conjugation at 20.000g for 15 min. 120 ul of 500 mM oxidized glutathione 
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was added to the supernatant, and the mixture was incubated at room temperature for 10 min. This material 
was then diluted in 20 ml of 0.6% Tri base solution, and 220 ul of 500 mM cysteine was added. The 
incubation was continued for another 16 hours at 4* C. After 16 hours of incubation, some insoluble residue 
was observed. This insoluble material was removed by centrifugation at 20,000g for 20 mm. The resutong 
supernatant was dialyzed against 50mM Tris-HCl pH 7.5 for 16 hours at 4 C. then centrifuged at 20 OOOg 
for 10 min PMSF at a final concentration of 4mM was added to this supernatant and this material was 
loaded onto a TNF-affinity column (7 x 2cm) at a flow rate of 0.1 ml per min. This column was extens, V9 |y 
washed with 50mM Tris-HCl pH 7.5, and bound proteins were eluted with 50mM NaP0*-HCI pH 2.5 JTie > pH 
2 5 etuate was loaded onto an RP8 column which was previously equilibrated with 0.1% TFA/H20. TNF 
inhibitor was eluted with a linear gradient of 0.1% TFA/acetonitrile at 1%/min. (Figure 25). Fractions were 
analyzed on SDS-PAGE (Figure 26), and cytotoxicity assay was performed (Figure 25) to localize the TNF 
inhibitor. The E. coli -produced TNF inhibitor (30kDa) migrates to about 20 kDa. since it is not glycosylated. 
Fractions numFeFTo through 35 contain TNF inhibitor. The amino terminal sequence of this material shows 
that the E. coli produced TNF inhibitor has the following sequence: 
Met-Asp^Se"f=VaI-()-Pro-Gln-GlyLys-Tyr-lle-His-Pro-Gln-Asn-Asn-Ser- 

By using this procedure, about 40 ug of TNF inhibitor (30kDa) was obtained from one liter -of the 
culture. The yield was about 2 to 3%. The yield can be increased to over 50% by purifying the TNF 
inhibitor before refolding. 



Example 9. Expression of genes encodinc 30kDa TNF inhibitor in animal cells 

Animal-cell expression of TNF inhibitor requires the following steps: 

a. Construction of an expression vector. 

b. Choice of host cell lines. 

c. Introduction of the expression vector in host cells. 

d Manipulation of recombinant host cells to increase expression levels of TNF-BP. 

1 TNF inhibitor expression vectors designed for use in animal cells can be of several types including 
strong constitutive expression constructs, inducible gene constructs, as well as those designed for 
expression in particular cell types. In all cases, promoters and other gene regulatory regions such as 
enhancers (inducible or not) and polyadenylation signals are placed in the appropriate location m relation to 
the cDNA sequences in plasmid-based vectors. Two examples of such constructs follow. 

A construct using a strong constitutive promoter region can be made using the cytomegalovirus (CMV 
immediate early gene control signals. This plasmid can be constructed using standard molecular b.ologica 
techniques (Maniatis, at al., Molecular Cloning, a Laboratory Manual . Cold Spring Harbor Laboratory 1982) 
and resulting in the plasmid ifia^Flg^^ TNFBPstopA) The SV40 origin of replication 

is included in this plasmid to facilitate its use in COS cells for transient expression assays. Th.s particular 
construct contains the CMV immediate early promoter and enhancer as described by Boshart. 
41-521-530 1985) followed by the rabbit B-globin second intron (see van Ooyen et al.. Science 206:337- 
344 1979)' which is flanked by Bam HI and Eco Rl restriction sites. This intron is included because 
exoression levels have been shown~to"be increased when introns are included in the transcribed regions of 
some expression vectors (Buckman and Berg, MoT Cell. BidL 8:4395-4405, 1988). The polyadenylation 
signal is provided by simian virus 40 (SV40) sequences (map coordinates 2589-2452; see Reddy, et al.. 
Science 200-494-502 1978). The 30kDa TNF inhibitor cDNA sequences have been modified as follows: the 
e^teHslve region located 3' of the C-terminus of the purified TNF inhibitor from human urine has been 
deleted and a stop codon has been engineered into the position just following the C-terminal asparagine. 
The unmodified 30kDa TNF inhibitor cDNA sequences in an analogous vector have been tnserted into COS 
cells and been shown to increase the TNF binding activity of such cells. 

The second construct (see Figure 24) (pSVXVTNFBP stop A) uses the strong constitutive promoter 
region from the SV40 early gene in an arrangement such as that found in the plasmid pSV2CAT (Gorman, 
et al Mol Cell Biol. 2:1044-1051, 1982). This plasmid should be manipulated in such a way as to 
substitule"thrTNMnhibitor cDNA for the chloramphenicol acetyltransferase coding sequences using 
standard molecular biological techniques. Once again, the TNF inhibitor cDNA has been modified as 
described above for the CMV promoter construct. The SV40 early promoter region includes sequences 
from the Hind Ml site to the Bam HI site (map coordinates 5090-188; see Reddy et al.. Science 200:494-502, 
1978) andlhe SV40 polyadenylation signal is as described above for the CMV construct. 

2 Two animal cell lines have been used to express TNF inhibitor using the vectors described above to 
produce active protein. Cell lines that have been characterized for their ability to promote expression of th.s 
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foreign gene include the monkey kidney cell, COS-7, and Chinese hamster ovary (CHO) dihydrofolate 
reductase deficient (dhrf-) cells. 

3. To establish a continuous CHO-derived cell line that secretes 30kDa TNF inhibitor into cell culture 
medium, a TNF inhibitor expression plasmid has been introduced into these dhfr- cells along with a plasmid 

s that directs the synthesis of dihydrofolate reductase using the calcium phosphate-DNA precipitation 
technique described by Graham and van der Eb (Virology 52:456-467. 1973). The cells that have taken up 
DNA and express DHFR were selected as described by Ringold, et al., (J. Mol. Appl. Genet. 1:165-175, 
1981). 

4. Cells that express the TNF inhibitor gene constructs can be manipulated to increase the levels of 
ro production of TNF inhibitor. Cells containing TNF inhibitor expression vectors along with a dhfr expression 

vector should be taken through the gene amplification protocol described by Ringold, et al.. (J. Mol Appl. 
Genet, 1:165*175, 1981) using methotrexate, a competitive antagonist of dhfr. Gene amplification leads to 
morecopies of the dhfr and TNF inhibitor genes present in the ceils and, concomitantly, increased levels of 
TNF inhibitor mRNA which, in turn, leads to more TNF inhibitor protein being produced by the cells. 

15 

Example 10. Isolation of two types of TNF-inhibitors from U937 condition medium and the existence of the 
second TNF inhibitor ir Thuman urine . 

20 The human U937 cells were grown at a density of 1 x 10 s cells per ml in 150 cm 2 flasks using 
RPMI1640 medium containing 200 units/ml penicillin, 200 units/ml of streptomycin, 10% fetal calf serum. 
After 3 days of incubation at 37* C, the cells were harvested by centrifugation at 1500 G for 7 minutes. The 
cells were resuspended at a density of 2 x 10 6 /ml in RMPI1640 medium without serum. The cells were 
grown in the presence of 5 ug/ml PHA-P (Phytohemaggiutinin) and 10 ng/ml PMA (Phobol 12-myristate 13- 

25 acetate) for 24 hours. 

The 24 hour medium (4425ml) was collected by centrifugation and concentrated by Amicon YM5 filter 
to about 100 ml. This material was passed through a TNF-affinity gel (0.7 x 2cm) at a flow rate of 0.1 
ml/min and the gel was washed extensively with 50mM Tris-HCI pH 7.5. The bound proteins were eluted 
with 50 mM NaPCU-HCI, pH2.5 and TNF inhibitor was separated from other contaminating proteins by 

30 HPLC-RPC8. As seen in Figure 27 two TNF-inhibitor peaks are observed. SDS-PAGE analysis of the RPC8 
fractions shows that the molecular weights of the two peaks correspond roughly to 30kDa and 40kDa 
proteins (Figure 28). The 30kDa protein (TNF-1NH1) was subjected to amino-terminal sequence analysis, 
and found to be the same sequence as that of urinary 30kDa TNF-inhibitor described above. However, the 
protein sequence of the 40kDa protein reveals that it is not the same as the 30kDa protein (see Example 

35 11). Further purification of the second TNF inhibitor peak in the human urine, which is seen around fraction 
35 in Figure 8, shows that it is also the 40kDa TNF-inhibitor protein (Figures 29 and 30). 

The 40kDa TNF inhibitor is also a glycoprotein. This was detected using Concanavalin A-peroxidase 
after the protein was transferred onto a nitrocellulose filter as described in Example 1.D. The molecular 
weight of N-glycanase treated 40kDa TNF inhibitor was shown on SDS-PAGE to be about 36kDa. (See 

40 procedure described Example 1.D. ). 

Following the procedures as outlined in Example tjE. above, it may be determined that the de- 
glycoslyated 40kDa TNF inhibitor also binds to TNF alpha. In addition, the deglycosylated 40kDa protein 
may also be shown to bind to TNF beta (lymphotoxin). 

45 

Example 11. Protein sequencing of U937 derived 30kDa TNF inhibitor, 40kDa TNF inhibitor, and Urinary 
40kDa TNFTnhibitor . 

Amino terminal sequence of the proteins were determined using Applied Biosystem Protein Sequencer, 
so Model 470. Both native and reduced-carboxy methylated proteins were sequenced. Approximately 200 
pmoles of reverse phase (RP-8) purified TNF inhibitors were applied to a polybrene filter and subjected to 
automated Edman degradation. The resulting sequence is shown in Figure 31. It can be seen that the U937- 
derived 30kDa protein is the same as that formed and identified in urine. The 40kDa TNF inhibitor protein is 
not same as the 30kDa TNF inhibitor protein. The urinary 40kDa TNF inhibitor protein does not contain two 
55 amino terminal residues; otherwise, it is same as that of the U937-derived 40kDa protein. 



Example 12. Primary structure of the 40kDa TNF inhibitor . 
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About 40 ug of the reduced and carboxymethylated TNF inhibitor (40kDa) was digested with en- 
doprotease V8 as described above, and the resulting peptides were separated on an RPC18 column (Figure 
33) The peptides purified were sequenced using an Applied Biosystem Protein Sequencer, Model 470. 

About 90 ug of the reduced and carboxymethylated TNF inhibitor was treated with 5 ug of endopep- 
tidase Arg-C in 0.2M ammonium bicarbonate at 37* C. After 24 hours of digestion, the Arg-C digested 
material was loaded onto an HPLC-RP8 column to separate peptides (Figure 32). Purified peptides were 
sequenced as before. Some of the peptides were further digested with TPCK-trypsin or chymotrypsin. 
Abcut 500 pmole of arg-Cl6 peptide was treated with 3 ug of TPCK-trypsin (Boehringer Mannheim) in 0.2M 
ammonium bicarbonate at 37* C for 7 hours, and peptides were separated using RP8 (Figure 34). About 
200 pmole of the peptide arg-ClO was digested with one ug of- chymotrypsin (Boehringer Mannheim) at 
37' C for three and a half hours, and the resulting peptides were separated on an RPC18 (Figure 35). 

A partial structure of the TNF inhibitor (40kDa) was determined by aligning various overlapping peptides 
(Figure 36) A complete primary structure of the 40kDa TNF inhibitor is shown in Figure 38. Residues not 
identified by protein sequencing were deduced by review of the sequence of the cDNA clone that encodes 
the 40kDa TNF inhibitor and that is discussed in Example 14A and described in Figure 39. 



Example 13. Identification of cDNA clones for the 40kDa TNFa inhibitor 

20 The information presented in Example 9 shows that U937 cells treated with PMA and PHA produce a 
TNFa inhibitor with a molecular weight of approximately 40kDa. This protein has been purified and its 
amino acid sequence has been substantially determined, as described in Example 12. Table 5 shows the 
sequences of several peptides derived from this protein and gives the sequences of mixed sequence 
oligonucleotide probes used to isolate genes coding for the 40kDa TNF inhibitor described here. 

25 The gene encoding sequences comprising the 40kDa inhibitor may be isolated .rom the human 
genomic library described in Example 5, or a cDNA library constructed from mRNA obtained from U937 
ceils that had been treated with PMA and PHA for about 9 hours (See Example 14). Each library should 
contain approximately 1.0 x 10 s recombinant. 
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TABLE 5 



Peptide 
ff«mianc« 

EYYOQTA 



Pre b« Name -jprgfrft fifwncg c 

40KD-P2' S 1 GAATATTATGATCAAACAGC 3* 
G C C C G G 
T 



AQUAFT 



C C C 
40KD-P1 5 1 GTAAAACGAACTTGAGC 3* 

G G G C G 
T T T 



KQEGCR 



40KD-PG 5 ' AAACAAGAAGGATGTCG 3' 

G G G G CAC 
T 



QMCCSKC 



DQTAQMC 



10KD-P5 5 ' CATTTAGAACAACACATTTG 3' 

C GCTG G C 
T 

C C 

40KD-P6* 5 1 GATCAAACAGCACAAATGTG 3' 
C G G G G 
T T 



PGWYCA 40KDP7 



C C C C 

5' CCAGGATGGTATTGTGC 3 1 
G G 
T T 



^npk ^ * ^n. tmf ^hihitor cDNA sequences from PMA/PHA-induced U937 cells 

U937 mRNA was isolated from cells that had been induced by PMWPHA for 9 hours^ It was : then 
selected on an oligo-dT column, and the polyadenylated mRNA thus isolated was used to make dscDNA 
us nfreverse transcriptase followed by E. co.i polymerase I'RNase H. The dscDNA was subjected to a 

ym rase chain reaction using, as pnmersTthe degenerate probes (40KD-P1 
Table 5 The DNA products from this reaction were probed on a Southern blot with probe 40KD-P6 (see 
Table 5) identifying a single band that contained this sequence. This band was isolated on an agarose gel 
Ind ,oned l y M?3 phage DNA (strain m P 18). After transformation into E. col 

medium containing X-gal and IPTG. clear plaques were identified that contained the correct cDNA ^insert 
The sequence oHhe DNA in this clone is shown in Figure 37 along with the translat.cn product predicted 
from this sequence. This amino acid sequence matches the peptide sequence shown in Figure 36 (residues 
12-104) and Figure 38. 

E ,.., mr ,„ ^ < :: ^ 2 n * anicrin TNF inhibitor cDNA done from PMA/PHA-induces U937 Calls 

mRNA was isolated (Chirgwin, J.M. et al. . Biochemistry 18. 5294-5299) from ^W**** 
had been exposed to PHA and PMA for fhSSn. mRNA was purified form this RNA using ol,go-dT cellulose 
(Aviv H and Leder. P., 1972, Proc. Natl. Acad. Sci. (USA) 69. U08-1412). 5 ug of this mRNA was used to 
synthesize 3 ug of blunt-ended. double-stranded cDNA (Gubler, U. and Hoffman. B.J.. 1983, Gene 25. 263- 
269) After addition of Eco Rl linkers, the cDNA was purified by sephacryl S-400 (Pharmacia) spun column 
chromatography and ethTnol precipitated. One hundred ng of this cDNA was ligated into 1 ug of Eco Rl- 
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digested and alkaline phosphatase-treated lambda gt-10 and packaged in vitro using Q^Pf? . 9 ° ,d 
(Stratagene). The packaged cDNA yielded 2.5 x 10* recombmants when plate d Ion I E coh C60 0 J. 1JZ x 
1* members of this library were screened in duplicate with labeled + 7 < 5 ™® ??T 

ATG TGC TGT CCT CAC AGG 3') as descirbed (Benton. W.D. and Davis, R.W., 1977, Science 196 ISO- 
IS^ Twelve positive hybridizing clones were isolated and rescreened with probes 40KD-P6 and 40KD-P7 
(see Table 5 in Example 13). Four of these clones hybridized to all three probes. One of these done* 
c40DK#6. was digested with Eco Rl, and a 2.2 kb insert was isolated and subcloned in both orientations into 
the bacteriophage M13 vectoTT m P 19 (Yarrish-Perron, C et al , 1985. Gene 33. 103-119) The science 
was determined from both strands using the chain termination method (Sanger. F. and Coutson, A.R., 1975, 
j moI Biol 94, 441-448) with Taq DNA polymerase (U.S. Biochemical). This sequence is shown m Figure 
39 along with its deduced translation product. The sequence contains a single open reading frame 
extending from the ATG triplet at base 93 that extends well beyond the c-terminal sequence of the 40kDa 
protein at the GAC triplet at base 863. 



Example 15. The 40kDa TNF inhibitor inhibits TNF beta as well as TNF alpha 

Both the 30kDa TNF inhibitor and the 40kDa TNF inhibitor were examined to determine ifthejiwere 
also capable of inhibiting the activity of TNF beta (lymphotoxin). Various concentrations of TNF-beta 
(purchased from Endogen) were incubated with each of the inhibitors for one hour at room temperature. The 
resultant mixtures were analyzed via the L929 cell assay system as described in Example 1^ for TNF 
alpha. These experiments revealed that the 30kDa TNF inhibitor had little inhib.tory effect on TNF beta. 
However, the 40kDa TNF inhibitor showed significant TNF beta inhibition. The results of these experiments 
can be seen in Figure 40. 



Example 16. Preparation of human genomic DNA library for 40kDa inhibitor 

An appropriate human genomic DNA library for 40kDa TNF inhibitor may be performed as described i 
Example 5 for 30kDa TNF inhibitor. 



Btample 17. Frepa^ation of f^ t^ Expression o^ 

Portions of the TNF inhibitor (40 kDa) cDNA gene coding for soluble TNF binding activities (Fig. 39) 
have been prepared for expression in E. coli as described below. 

Because it has been difficult to difNtively determine the C-terminal sequence of the mature 40kDa 
TNF inhibitor derived from urine or U937 cells, we constructed 3 derivatives of its cDNA coding sequence 
based on sequence analysis of the cDNA clone. The first extends to the putative transmembrane sequence 
of this protein base pair 863 (Figure 39) and ends with the peptide sequence . . . Gly Ser Thr Gly Asp. The 
next two are 51 (A51) and 53 (A53) amino acids shorter than this clone and end at base pair 710 ... Ser 
Pro Thr, and base pair 704 .. , Ser Thr Ser. respectively. „ D - n ^ ovk h 

Each of these three C-termini were created by in vitro mutagenesis ("MutaGene , BioRad, Richmond 
CA) of M13 clones of the cDNA of the 40 kDa TNFa inhibitor. The longest clone was created first by use of 
the following synthetic oligonucleotides: 

1. 5 CAC TGG CGA CTA AGC TTC GCT CTT C 3 

2 5 GCG GCG CAC GCC GGA TCC GAT CTT GGA GGA TGA TTA AAT GTT GCC CGC CCA G 3 
Oligonucleotide 1 inserts a translation termination codon after amino acid 235. Asp, and creates a Hmd 
111 restriction endonuclease recognition site at that point. Oligonucleotide 2 adapts the N-Terminal sequence 
of the mature protein, Leu Pro Ala . . . bp 159 (Figure 39) for expression in E. coli by 1) inserting a Met 
ATG codon at amino acid position 1, and 2) inserting a translational coupler sequence and 5 Bam H 
restriction endonuclease recognition site. The mutagenized fragment was removed by Bam Hl/Hmd in 
digestion of Rf DNA of the mutant M13 clone and inserted into an E. coli expression plasm.d as descnbed 
in Example 7. Clones bearing this gene construction are called TNF.40. 

The two shortened clones were constructed as above using the mutagenized Ml 3 derivative of the 
40kDa TNFa inhibitor clone isolated above and the following oligonucleotides: 
5' GTCCCCCACCTAAGCTTCGGAGTATGG 3 ( ' A51 
5' GTCCACGTCCTAAGCTTCCCACCCGGA 3' A53 
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These two oligonucleotides introduce translation termination codons at bp 710 and 704 respectively 
(Figure 39). Clones bearing these gene constructions are called TNF:40 51 and TNF: 40 53 respectively. 



s Example 1 8. Expression of genes encoding 40kDa TNF inhibitor in animal cells 

Expression of the 40kDa TNF inhibitor clone in animal cells may be performed as described in Example 
9. The extensive region located 3 1 of the c-terminus of the 40kDa TNF inhibitor may be deleted and a stop 
codon engineered into the position just following the c-terminal Aspartic acid. 

10 

Example 1 9. Expression of the complete cDNA encoding 30kDa TNF inhibitor in mammalian cells increases 
TNF receptor sites 

75 An expression vector was made that incorporated the entire 30kDa TNF inhibitor cDNA (2.1 kb) shown 
in Figure 21, named p30KXVA, and was in all other respects identical to the vector shown in Figure 23 (i.e., 
the TNF-BP sequences shown in that figure were replaced by the 2.1 kb cDNA using the unique Eco Rl site 
in the plasmid). See Example 9 for a more complete description of the expression vector. This plasmid was 
introduced into COS7 cells using the lipofection procedure described by Feigner et al. (Proc. Natl. Acad. 

20 Sci. USA, 84, 7413 (1987)). Transfected cells were analyzed for their ability to bind p 5 l]TNFa. Figure 41 
shows the results of the binding assay of cells that were mock-transfected or transfected with the 
expression vector p30KXVA. The number of binding sites on plasmid-transfected cells is dramatically higher 
that the number on the control cells. The complete cDNA clone (i.e., the open reading frame that encodes a 
much larger protein than the 30kDa urine-derived inhibitor), in fact, represents a cDNA clone of a TNF 

25 receptor. 



Example 20. Expression of cDNA encoding 40KDa TNF inhibitor in mammalian cells increases TNF 
receptor sites 

30 

An expression vector was made using the 2.4 kb cDNA fragment isolated from the lambda phage page 
#6 described in Example 14A. This plasmid was identical to that described in Example 9 (Figure 23) except 
that the 40kDa TNF inhibitor cDNA sequences were substituted for the 30kDa TNF inhibitor cDNA 
sequences in that plasmid. Plasmids were isolated with the 2.4 kb Eco Rl cDNA fragment in each 

35 orientation, named p40KXVA (sense orientation) and p40KXVB (anti-sense orientation). These plasmids 
contain the SV40 origin of replication, the cytomegalovirus immediate early promoter and enhancer, the 
rabbit B-globin second intron, the 40KDa TNF inhibitor cDNA, and the SV50 early polyadenylation signal 
(for a more complete description of this vector, see Example 9) in a pBR322-based plasmid. These 
plasmids were transfected into C0S7 cells which were then assayed for TNF binding (see Figure 42). Cells 

40 transfected with p40KXVA exhibited a higher number of TNF binding sites on the cell surface than either 
COS7 cells alone or COS7 cells transfected with p40KXVB, suggesting that this cDNA encodes a TNF 
receptor. Other mammalian cells such as CHO cells could be developed that could overproduce this 
receptor or that secrete 40KDa TNF inhibitor into the tissue culture medium in ways described in Example 
9. 

45 

Example 21 . Inhibitor isolated from human monocytes . 

Human monocytes were prepared from 550 ml of blood as described by (Hannum, C.H. et al. Nature 
50 343, 336-340, 1990). The fresh monocytes (2 x 10 7 cells) were seeded in 500 ml of serum free RPMI1640 
medium and treated with 10ng/ml of PMA and 5ug/ml of PHA-P for 24, 48 and 72 hours at 37* C. After the 
incubation, the media were collected by centrifugation and concentrated to 50 ml. The concentrated media 
were loaded onto a TNF-affinity column (2 ml bed volume) one sample at a time and eluted with acid as in 
Example 1. The eluted material was further purified using a HPLC RPC-8 column under the same 
55 conditions as in Example 1, and each fraction was assayed with L929 cytoxicity assay. Figure 43 shows the 
two peaks of TNF inhibition activity. These two peaks correspond to the 30 kDa and 40 kDa TNF inhibitors 
which were also found in the culture medium of U937 cells that was treated with PMA and PHA and 
identified in urine. 
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Example 2^ Exp^^Purl^ 



E. coli. 



mmmmrnm 
mmmmrnm 

material was dialyzed against 300 volumes o 50mM Tns- HCI pH 7 5 i^mn • 

have the following sequence: 

imP Sr«» W and A53) inhibit not only TNF-alpha but a,so TNF-beta. 

I 

Example 23. Expression and P^^am\^«^TWMmu. 

An active 40kDa TNF inhibitor was purified from an E. coli strain carrying plasmids • 

and the amino terminal sequence is same as shown in Example 22. 

o Example ^Amir^ac^ 

TNF inhibitor as shown in Figure 38 are shown in Table 6. 

Example 25. Production of chemically modified TNF inhibitors . 

, m ♦ • raflCfl thA half-life of the TNF inhibitors in plasma, TNF inhibitors which are chemically 

inhfbi tors . m Z d bonds, mutant TNF inhibitors may be constructed which contaman ex ra yste, e 
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constructed as above and pegylation will be performed to obtain active proteins and will have increased the 

stability of the TNF inhibitor. 

TABLE 6 





Calculated # by 
DNA sequence 


CunAhmAntsl jot 

cxpunrnyrucij ir 


Asx 


14 


13.0 


Glx 


23 


22.6 


S6f 


25 


23.2 


Gly 


14 


17.8 


His 


4 


4.5 


Thr 


26 


23.9 


Ata 


17 


17 


Arg 


14 


15.1 


Pro 


26 


22.3 


Val 


13 


8.7 


lie 


4 


3.4 


Leu 


10 


8.6 


Phe 


5 


4.6 


Lys 


6 


5.4 


Tyr 


5 


5.0 


Trp 


3 


ND 


Met 


3 


ND 


Cys 


22 


| ND 


ND: n 


ot determined 
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„ is to be understood that the application of the teachings of the presen, 
expression system wi.l be within the capability of one hrtng ^ ^various 

scope of the appended claims and their equivalents. 



Claims 



fTheTNF inhibitor of Cairn 2 wherein said TNF inhibitor is degiycosyiated and has a molecular weight o. 

f The TNMnhibitor of claim 3 wherein said TNF inhibitor is produced by recombinant-DNA methods- 

5. The TNF Sr of claim 1 wherein said TNF- inhibitor is a glycoprotein having a molecular we.ght of 

r^e 4 TNF inhibitor of claim 5 wherein said TNF inhibitor is active against both TNF alpha and TNF beta. 
7 The TNF inhibitor of claim 6 wherein said TNF inhibitor is degiycosyiated. 

a The TNF Inhibitor of claim 2 wherein said TNF inhibitor has the amino ac.d sequence as shown ,n Rgure 
9 9 The TNF inhibitor of claim 5 wherein said TNF inhibitor has the amino acid sequence as shown in Figure 

To. The TNF inhibitor of claim 5 wherein said TNF inhibitor is 40kDa TNF Inhibitor A51 . 

11 The TNF inhibitor of claim 5 wherein said TNF inhibitor is 40kDa TNF .nhibitor A53. 

12 A recombinant-DNA method for the production of a TNF inhibitor comprising: 

(a) pTe^ration of a ON A sequence capable of directing a host cell to produce a protein having TNF 
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;r:rrsrr ssrsts . - » — - — - - 

the inhibitor; 

!? £££ £ EE "'assume an active tertiary structure whereby it possesses TNF inhibitory 

13. *^ method of claim 12 wherein said TNF inhibitor is 30kDa TNF inhibitor. 

14. The method of claim 12 wherein said TNF inhibitor is 40kDa TNF "™ ° • 

15. The method of claim 14 wherein said TNF inhibitor ,s 40 Da TNF nh b to A51. 
16 The method of claim 14 wherein said TNF inhibitor is 40kDa TNF inhibitor A53. 

17. A gene encoding for tumor necrosis factor (TNF) inhibitor. 

18. The gene of cliam 17 wherein said TNF inhibitor is 30kDa ™F nhtatw. 

10. The gene of claim 17 wherein said TNF inhibitor is mature 40kDa TNF nh^itor. 

20 The gene of claim 17 wherein said TNF inhibitor is 40kDa TNF inh.b or A*. 

21 The gene of claim 17 wherein said TNF inhibitor is 40kDa TNF inh.totor A53. 
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FIG. 6 A 
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FIG. 7 
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Alkylated *lys-C digests of THF-bp 
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CATGCCTGCA GGTCGACTCT AGAGGATCTG GGGCCTACTA GCTTTGAGTT GAGGGAACAA AAATGAACAC 
80 90 100 It 120 130 W 

ACACGACAAC TAGAGAACAA TTAAGCAJCA WTTGTATGC CCCAACTGTC TAAGTTTCAA GGMGAACTC 
150 to 170 180 AO 200 210 

TAAACTTAGT GAGTGDCDTG GtXTGGGCX AAIGTTTCAC TBADGAABGA CTTGAGTXAG GGAAGTTTTA 

220 230 210 250 2B0 270 280 
GATCTGCTAC CCCTAAGCTT CCCATCCCTC CCTCTCTTGA TGGTGTCTCC TCTATCTGAT TCTTCCCCAG 
289 298 307 316 325 33fc 

gut err cm m m tut stc sa sis m ac n m $.f^® 

Vol Leu Leu Glu Leu Leu Vat Gly lie Tyr Pro Ser Gly Vol lie Gly Leu U 

343 352 361 _ 370 379 38B 

ST CAC CTA GDG 55£ ADC GAG Affi ASA GAT AGf GIB TOT CCC CMGGA AAATAT 
p£ His Leu Gly $ Are GUT Lys Arg Asp Ser Vol Cys Pro On Gly Lys Tyr 
3g7 40b 415 424 433 «■<. 

f IS eSS BffBJjftf if 

GTGGAAACGG TGAATGCCCT CAGGTCTGGG GTGCTGCTTC TTTCTCTGCT TCTTCCAGTT GTTCTTCCCT 
524 534 544 554 564 574 584 

AACTTTGCTG TCTCTCCTGG GCTGGGATTT TCTCCCTCCC TCCTCTCCTA GAGACTTCAG GGAATCGGCC 
594 604 614 624 634 644 654 

CTGGCTGTT6 TCCCTAGCAT GGG6CTCCTT CCTTGTGTTC TCACCCGCAG CCTAACTCTG CGGCCCCATT 

664 673 682 6£ TOO 

CA CA GGA ACC TAC TTG TAC AAT GAC TGT OA GGC CCG GJ5G CAfi GAT ACG 6AC 
Gly Thr Tyr Leu Tyr Asn Asp Cys Pro Gly Pro Gly Gin Asp Thr Asp 

709 ' 718 727 _ 736 7^5 754 

TGC AGO GAG W GAG AGC ffiC TCC TTC ACC GCT TCA GAAAAC CAC CTC M CAC 
c| An? Glu $s Glu Ser ^ Ser Phe Thr AlaSer Glu Asnfos Leu A^ H.s 

TEC TTC SOT TGC TCC ATATGC CGS J5G GGTGAGTGTG CACAGGCAGG AGAGTCAGGC 

Cys Leu&r Cys Ser^Lys Cys Arrays ^ ^ w w 

GGGTCTTGAG TGGTGTGTGG GTGCCTGTCT ATGTGCAGGC TGGTGGGTGT GGGCAGGAAG GTGTGTGTTT 
897 907 917 927 937 947 957 
TGGTGGGACA CTGCATGGAT GTGAGTGTGT ATTACAGAGA CACACACTTA GGGGTATGTC AHjAAGGGGA 

g67 977 987 997 1007 1016 
TGCAGGGACA GGAGGATGCA GGACTCATAC ttCATCTTCT CCCITCACCA Gfojig |T tffi 

1025 

ens chjatc* FIG. 13 

Vol Glu lie 
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.1 2 3 4 5 6 7 8 9 



125 I-TNF-* 



125 I-TNF/TNFBP« 
Complex ~* ™ 




Lane 1 is a positive control . Purified TNF-BP complexed 
with 125 I-TNF. Lane 2-5 are protein from the 24,48,72, and 
96 hour incubations with PMA/PHA that did not bind to the 
TNF- affinity column . Lane 6-9 are the material from the same 
incubations that did bind to the TNF -affinity column 



FIG. 15 
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Fractions 27.28 and 29,33 and 31 show TNF binding 
activity. + is as lane lot figure 15. - is 1251 -TNF aione. 



FIG. 16 
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PMA/PHA 1hr 17 hr 



9.(9 Kb 
7.1,6 



2.3 



13 



FIG. 17 
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296 305 

GAT ACT GTG TGT CCC CAA 
Asp Ser Val Cys Pro Gin 

,„ 341 350 359 

314 323 332 



>•> ^ li! 

B5SHSS5S5gSSSS S S555 

449 458 467 
422 431 440 44» 

RSHSS5E555K2KE5KISS 



, AB 557 566 575 
530 539 548 



»SSS2SgSS2SSSSSSSSS 

££R 674 683 

638 647 656 665 674 

«S5gSHS2S5HgJSSSSS?S 



746 



755 764 



TGC ACG AAG TTG TGC CTA CCC CAG ATT GAG AAT 
Cys Thr lys Leu Cys Leu Pro Gin He Glu Asn 



FIG. 20 
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10 20 30 40 50 60 70 

*«TCACT6GG ACCACCCttf ^TCTOVOS OCfiA&TcTC AAJGfrTtMC tGTcagccc* GGCACtTVG 

gO 90 100 110 120 130 140 

aACOTCCTM ACAGACCGAG TCCC6GGAAG CCCCAGCAC7 GCCGCTGCCA CACTGCCCTO AGCCCAAAT8 

150 1*0 171 180 109 198 

GGGGAGTGAG AGGCCATAGC TGTCTGGC ATG GGC CTC TCC ACC GTG CCT GAC CT0 CTG 

HET Gly Lau Sar Thr val Pro Asp Lau Uiu 

207 216 223 234 243 232 

CTG CCG CTfl GTG CTC CTG GAG CTG TTG GTG GGA ATA TAC CCC TCA GGG GTT ATT 
Lau Pro Lau Val Lau Lau Glu Lau Lau Val Gly llm Tyr Pro Sar Gly val 21a 

26 1 270 279 288 297 306 

GGA CTG GTC CCT CAC CTA GGG GAC AGG GAG AAG AGA GAT ACT GTG TGT CCC CAA 
6iy L«u val Pra His Lau Gly Asp Arq Glu Lya Arq Asp Sar Val Cyt Pro Gin 

31 & 324 333 342 391 360 

GGA AAA TAT ATC CAC CCT CAA AAT AAT TCG ATT TfiC TGT ACC AAG TGC CAC AAA 
Gly Lya Tyr 11* ma» Pro Gin A an A an Gar I la Cya Cya Tnr Lya Cya Hia Lys 

369 378 367 39* 405 414 

GGA ACC TAC TTG TAC AAT GAC TGT CCA GGC CCG GGG CAG SAT ACQ GAC TGC AGO 
Gly Thr Tyr Lau Tyr Aan Asp Cya Pro Gly Pro Gly Gin Asp Tnr Asp Cya Arg 

423 432 441 430 439 468 

GAG TGT GAG AGC GGC TCC TTC ACC GCT TCA GAA AAC CAC CTC AGA CAC TGC CTC 
Glu Cya Glu Sar Gly Sar Pha Thr Ala Sar Glu Asn His Lau Arg Hia Cya Lau 

477 486 493 304 313 322 

AGC TGC TCC AAA TGC CGA AAG GAA ATG GOT CAG GTG GAG ATC TCT TCT TGC ACA 
Sar Cya S*r Lya Cya Arg Lya Glu MET Gly Gin V*l Glu 11a Sar Sar Cya Thr 

331 340 349 358 367 376 

GTG GAC CGG GAC ACC GTG TGT GGC TGC AGG AAG AAC CAG TAC CGQ CAT TAT TGG 
Val ASp Arq Aap Tnr Val Cya Gly Cy» Arq Ly% A«n Gin Tyr Arq hii Tyr Trp 

383 394 603 612 621 630 

A6T GAA AAC CTT TTC CAG TGC TTC AAT TGC AGC CTC TGC CTC AAT GGG ACC GTG 
Sar Glu Aan Lau Pha Gin Cya Pha Aan Cya Ser Lau Cya Lau Asn Gly Thr Val 

639 648 637 666 675 684 

CAC CTC TCC TGC CAG GAG AAA CAG AAC ACC GTG TGC ACC TGC CAT GCA G6T TTC 
Hia Lau Sar Cya Gin Glu Lya Gin Aan Thr Val Cya Thr Cya Hia Ala Gly Pha 

FIG. 21 
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693 702 711 720 729 ?» 

^^^^^^ ^ ^^^^^ 

Pho L.u Arg Qlu A.n Oiu Cy. V.l Sor Cy. S*r A.n Cy. Ly. Ly. L»u Glu 

747 7So 743 774 783 792 

tgc acq Sag ttg tqc cta ccc cag att gag Sat StT aag ggc act gag gac tca 

™ Thr Ly. L.u Cy. L.u Pro Gin lit Glu A.n V*i Ly. Gly Thr Glu A.p S.r 



eoi eio 



B19 62a 637 644 



GGC ACC ACA GTG CTG TTG CCC CTG GTC ATT TTC TTT GGT CTT TGC CTT TTA TCC 
Gly Tnr Thr Val Lau L.u Pro Lau Val I la Ph. Ph. Gly Lau Cy. L.u L.u S.r 

855 664 873 862 691 900 

CTC CTC TTC ATT GGT TTA ATG TAT CGC TAC CAA CGG TGG AAG TCC AAG CTC TAC 
Lau Lau Ph. XI. Gly Lau MET Tyr Arg Tyr Gin Arg Trp Ly. Sar Ly. L.u Tyr 

909 916 927 936 943 934 

TCC ATT 6TT TOT GGG AAA TCG ACA CCT 6AA AAA GAG GGG GAG CTT GAA GGA ACT 
S.r II. V.l Cy. Gly Ly. S.r Thr Pro Glu Ly. Glu Gly Glu L.u Glu Gly Thr 

963 972 981 990 999 1008 

ACT ACT AAG CCC CTG GCC CCA AAC CCA AGC TTC AST CCC ACT CCA GGC TTC ACC 
Thr Thr Ly. Pro Lau Ala Pro A*n Pro Sar Pha S.r Pro Thr Pro Gly Ph. Thr 

1017 1026 1033 1044 1033 1062 

CCC ACC CTG GGC TTC AGT CCC GTG CCC AGT TCC ACC TTC ACC TCC AGC TCC ACC 
Pro Thr L«u Gly Pha S.r pro V*l Pro Sor S.r Thr Ph« Thr 6*r S.r Bar Thr 

1071 1060 1069 1096 1107 1116 

TAT ACC CCC GGT GAC TGT CCC AAC TTT GCG 6CT CCC CGC AGA GAG GTG GCA CCA 
Tyr Thr Pro Gly A.p Cy. Pro A.n Ph. AL Al* Pro Arg Arg Glu V.l Al. Pro 

1123 1134 1143 1132 1161 U70 

CCC TAT CAG GGG GCT GAC CCC ATC CTT GCG ACA GCC CTC GCC TCC GAC CCC ATC 
Pro Tyr Gin Gly Ala Asp Pro 11a L.u Al. Thr Al. Lau Ala Sar Amp Pro IXm 

1179 1188 1197 1206 1213 1224 

CCC AAC CCC CTT CAG AAG TGG GAG GAC AGC GCC CAC AAG CCA CAG AGC CTA GAC 
Pro Amn Pro Lau Gin Lym Trp Glu A.p Sar Ala Hi* Lym Pro Gin Sar Lau Aap 

1233 1242 1231 1260 1269 1279 

ACT GAT GAC CCC GCG ACQ CTG TAC GCC GTG GTG GAG AAC GTG CCC CCG TTG CGC 
Thr A.p A.p Pro Ala Thr L.u Tyr Ala Val V.l Glu A.n Val Pro Pro L.u Arg 

1287 1296 1303 1314 1323 1332 

TGG AAG GAA TTC GTG CGG CGC CTA GGG CTG AGC GAC CAC GAG ATC GAT CGG CTG 
Trp Ly. Glu Pha Val Arg Arg Law Gly Lau Sar Amp Hi. Glu Urn A.p Arg L.u 



FIG. 21 continued 
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i341 1350 1339 



1968 1377 1386 



iS ,8 »«4 14i» »«» ^ l ^ 

U49 1438 1467 1476 1483 1494 

CTC CGC GAC ATG GAC CTO CTO GGC TGC CT8 GAG 6AC ATC SAO SAG GCG CTT TGC 
tlZ Arg A.p MET A.p L.u L.u Gly Cy. L.« Glu A.p II. Glu Glu Al* L«u Cy. 

!303 13*2 1321 1530 ^ 1M6 1956 

5HCCCCGCCGMCTCCCGCCCGMCCCA^C^ GGCTGCGCCC CTGCS6GCAG 

Gly Pro Al* Al* L.u Pro Pro AU Pro S.r L.u L.u Arg 

1366 1376 1386 1396 16Q6 1616 1626 

CTCTAA66AC CGTCCT6CGA GATCGCCTTC CAACCCCACT TTTTTCTGGA AAGGAGGGGT CCTGCAGG3G 

1634 1646 1636 1666 i674 16B6 1*94 

CAAGCAGGAG CTAGCAGCCG CCTACTT6GT GCTAACCCCT CGATGTACAT AGCTTTTCTC AGCTGCCTGC 

1706 4714 1726 1736 1746 1734 1746 

&CGCCGCC6A CAGTCAGCGC TGTGCGCGCG GAGAGAG6TG CGCC6TGGGC TCAAGAGCCT GAGTGGGTGG 

1776 1784 1796 1806 1816 1826 1836 

TTTGCGAGGA TGAGGGACGC TATGCCTCAT GCCCGTTTTG GGTGTCCTCA CCAGCAAGGC TGCTCGGGGG 

1846 1834 1866 1876 1BB6 1894 1906 

CCCCTGGTTC GTCCCTGAlSC CTTTTTCACA GTGCATAAGC A6TTTTTTTT GTTTTTGTTT TGTTTTGTTT 

1916 1926 1936 1946 1936 19*6 1976 

TGTTTTTAAA TCAATCATGT TACACTAATA GAAACTTGGC ACTCCTGTGC CCTCTGCCTG 6ACAASCACA 

19S6 199* 2006 2016 2026 2036 2046 

TAGCAAGCTG AACTGTCCTA AG6CAGGGGC GAQCACGQAA CAATGGGGCC TTCAGCTGGA GCTGTGGACT 

2054 2066 2076 2086 

TTTGTACATA CACTAAAATT CTGAAGTTAA AGCTCAAAAA AA 



FIG. 21 continued 
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FIG. 25 
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FIG. 26 
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FIG. 28 
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Fraction Number 



FIG. 29 
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FIG. 30 
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FIG. 33 



77 



BP 0 422 339 A1 




FIG. % 
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5 ■ -CCG 
Pro 



58 

GAG CCC 
Glu Pro 

109 

TGC TGC 

Cys Cys 
163 

TCG GAC 
Ser Asp 



TGG GTT 
Trp Val 

217 

ACT CAA 
Thr Gin 



64 

GGG AGC 
Gly Ser 

118 

AGC AAG 
Ser Lys 

172 

ACC GTG 
Thr Val 

226 

CCC GAG 
Pro Glu 

280 

GCC TGC 
Ala Cys 



ACA TGC 
Thr Cys 



TGC TCG 
Cys Ser 



TGT GAC 
Cys Asp 



TGC TTG 
Cys Leu 



ACT CGG 
Thr Arg 



73 

CGG CTC AGA 
Arg Leu Arg 

127 

CCG GGC CAA 
Pro Gly Gin 

181 

TCC TGT GAG 
Ser Cys Glu 

235 

AGC TGT GGC 
Ser Cys Gly 

289 

GAA CAG AAC 
Glu Gin Asn 



62 

GAA TAC 
Glu Tyr 

136 

CAT GCA 
His Ala 

190 

GAC AGC 
Asp Ser 

244 

TCC CGC 
Ser Arg 

298 

CGC ATC 
Arg lie 



91 

TAT GAC 
Tyr Asp 

145 

AAA GTC 

Lys Val 

199 

ACA TAC 
Thr Tyr 

253 

TGT AGC 
Cys Ser 

307 

TGC ACC 
Cys Thr 



100 

CAG ACA GCT 
Gin Thr Ala 

154 

TTC TGT ACC 
Phe Cys Thr 

208 

ACC CAG CTC 
Thr Gin Leu 

262 

TCT GAC CAG 
Ser Asp Gin 

316 

TGC AGG CCC 
Cys Arg Pro 



CAG ATG 
Gin MET 



AAG ACC 
Lys Thr 



TGG AAC 
Trp Asn 



GTG GAA 
Val Glu 



GGC TGG 
Gly Trp 



325 



TAC TGC-3' 
Tyr cys 
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Leu Pro Ala Gin Val Ala Phe Thr Pro Tyr Ala Pro Glu Pro Gly Ser 
Thr cy« Arg Leu Arg Glu Tyr Tyr Asp Gin Thr Ala Gin Met Cys Cys 

Ser Lys Cys Ser Pro Gly Gin His Ala Lys Val Phe Cys Thr Lys Thr 
Ser Asp Thr Val Cys Asp Ser Cys Glu Asp Ser Thr Tyr Thr Gin Leu 
Trp Asn Trp Val Pro Glu Cys Leu Ser Cys Gly Ser Arg Cys Ser Ser 
Asp Gin Val Glu Thr Gin Ala Cys Thr Arg Glu Gin Asn Arg He Cys 
Thr Cys Arg Pro Gly Trp Tyr Cys Ala Leu Ser Lys Gin Glu Gly Cys 
Arg Leu Cys Ala Pro Leu Arg Lys Cys Arg Pro Gly Phe Gly Val Ala 
Arg Pro Gly Thr Glu Thr Ser Asp Val Val Cys Lys Pro Cys Ala Pro 
Gly Thr Phe Ser Asn Thr Thr Ser Ser Thr Asp lie Cys Arg Pro His 
Gin He Cys Asn Val Val Ala He Pro Gly Asn Ala Ser Arg Asp Ala 
Val Cys Thr Ser Thr Ser Pro Thr Arg Ser Met Ala Pro Gly Ala Val 
His Leu Pro Gin Pro Val Ser Thr Arg Ser Gin His Thr Gin Pro Thr 
Pro Glu Pro Ser Thr Ala Pro Ser Thr Ser Phe Leu Leu Pro Met Gly 
Pro Ser Pro Pro Ala Glu Gly Ser Thr Gly Asp 

FIG. 38 
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